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Program: 1945 Administration Congress 
Palmer House, Chicago—July 17 to 19, 1945 


From the time of the selection of Detroit as the 1945 Con- 
vention city, all necessary plans were made and progressed for 
holding a technical convention there on the dates of April 30- 
May 1. Early in January, however, the Office of Defense 
Transportation announced instructions on all wartime meetings 
involving more than 50 persons, and on January 17 the A.F.A 
Board of Directors canceled the Associa- 
1945 annual meeting. 


met and voluntarily 
lion's 

Provision having been made for bringing to the membership 
the papers and reports scheduled for presentation at the can- 
celed convention, it was decided to hold the Annual Business 
Meeting of the Association in Chicago on July 18, on an in- 
vitational basis and restricted to an out-of-town attendance of 
50, at the time of the Annual Meetings of the Board of Direc- 
tors on July 18 and 19. Decision reached to hold 
the 2nd Annual Chapter Chairman Conference on July 17-18, 
and to arrange ali activities for the 3-day period July 17-19 as 
part of a “1945 Administration Congress.” 


also was 


Chapter Chairman Conference 


July 18 Noon—Joint Luncheon of Chairmer and Directors 
Joint luncheon between delegates to t e Chapter Chair- 
man Conference and the National A.F.A. Board of 
Directors 
Annual Meeting, 1944-45 Board of Directors 
July 18 Afternoon—Annual meeting of 1944-45 Board of Di- 


rectors 


Annual Business Meeting of A.F.A. 


July 18 Evening—Annual Business Meeting of A.F.A. 

Dinner meeting, 7:00 PM. This meeting held in lieu 
of the Business Meeting ordinarily held at the 
time of the Annual Convention. Business included 
announcement and presentation of newly elected 


Officers and Directors, awards of Medals and Honor- 
ary Life Memberships, announcement of Apprentice 
Awards and a digest of the 1945 Foundation Lecture 
by Dr. H. A. Schwartz. 


Annual Meeting, 1945-46 Board of Directors 


July 19 Morning—Annual meeting of 1945-46 Board of Di- 
rectors. 
July 19 Afternoon— Annual meeting of 1945-46 Board of Di- 


rectors 


Summary of Annual Business Meeting 
Palmer House, Chicago — July 18, 1945 


PRESIDING 
National President of A.F.A., Ralph J. Teetor 


July 17 Morning—Chapter Chairman Conference 

July 17 Afternoon—Chapter Chairman Conference 

July 17 Evening—-Chapter Chairman Conference Dinner 

July 18 Morning—Chapter Chairman Conference 
Introductions President R. J. Teetor 


Introducing the National Officers and Guests seated at 
the Speakers’ Table, and the Chapter Officers and Guests 
attending the 2nd Annual Chapter Chairman Conference 
of A.F.A. 


President's Annual President R. J. Teetor 


Address 


Presentation of 


Honorary Life Membership in A.F.A. By L. C. Wilson 


Chairmen, Board of Awards 
To A. H. Van Kevuren, Rear Admiral, U.S.N., Directo 


of Naval Research Laboratory, Washington, D. C... . “in 
recognition of his efforts in behalf of the Foundry In- 
dustry.” 


Presentation of 
Honorary Life Membership in A.F.A. By L. C. Wilson 


lo M. J. Grecory, retired, past Director of the Associa- 
tion... “for his contribution to the Association and the 
Foundry Industry.” 

Results of 

1945 National Apprentice Contests 
Announcing the winners in the Annual Apprentice Con- 
tests of A.F.A.—in Gray Iron Molding, Steel Molding, 
Brass and Bronze Molding, and in Patternmaking. 


Secretary R. E. Kennedy 


Presentation of 
John A. Penton Gold Medal of A.F.A. By L. C. Wilson 


To CLarence Epoar Sims, Supervising Metallurgist, Bat- 
telle Memorial Institute, Columbus, Ohio . . . “because of 
his outstanding contribution to the Steel Casting Industry.” 


1945 Foundation Lecture 
By Dr. Harry A. Scuwartz, Manager of Research, Na- 
tional Malleable & Steel Castings Co., Cleveland. A digest 
of His Foundation Lecture on “Solidification of Metals,” 
presented by F. G. Sefing, International Nickel Co., New- 
York, in the absence of Dr. Schwartz. 


vi 


Presentation of 


Joseph S. Seaman Gold Medal of A.F.A. By H. S. Simpson 
To Rospert Epwin KenNepy, Secretary of A.F.A. 
“for outstanding meritorious service to all branches of the 
Foundry Industry through his work in organizing and 
guiding the development of technical and operating papers 
and discussions, and his untiring encouragement to all 
A.F.A. Chapters, committees and members.” 
Presentation of 
Honorary Life Membership in A.F.A. By L. C. Wilson 
To Ra.pu J. Teeror, retiring President of the Associa- 
tion. 
Presentation of Newly Elected 
National Officers and Directors of the Association 
Announcement and presentation of new Officers and Direc- 
tors, elected in accordance with the Association’s by-laws: 
President, Frep J. Watts, International Nickel Co., De- 
troit. 
Vice-President, S. V. Woop, Minneapolis Electric Steel 
Casting Co., Minneapolis. 
Director, G. K. DreHer, Ampco Metal, Inc., Milwaukee. 
Director, E. W. Horiesern, The Gibson & Kirk Co., Bal- 
timore, Md. 
Director, H. H. Jupson, Goulds Pumps, Inc., Seneca Falls, 
i 2 
Director, F. M. Wittiincer, Texas Electric Steel Casting 
Co., Houston. 
“Castings and the Post-War Industry” 
Speaker: Max Kuniansky, Vice-President and General 
Manager, Lynchburg Foundry Co., Lynchburg, Va. 
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President's Annual Address 


By Ratpeu J. Teeror,* Capac, MicH. 


HEN, in January, the Director of War Mobiliza- 
W sion requested that conventions be canceled except 
those involving distant attendance of less than 50 per- 
sons, your Board of Directors was quick to respond and 
to cancel plans for the 4th War Production Foundry 
Congress, which had been scheduled for the first week 
in May and for which extensive preparations had already 
been completed. Thus the 49th Annual Convention of 
A.F.A. became a war casualty, but this 49th Annual 
Business Meeting survived. 

Cancelation of the convention necessitated the un- 
doing of many things that had been planned, foremost 
of which was preparation for the Pre-Convention issue 
of AMERICAN FouNDRYMAN. Space had been sold and 
advertising matter prepared, when it became obvious 
that a Pre-Convention number without a convention 


could hardly be justified. 


New Magazine Policy 

Immediate decisions became necessary. On January 
16, the Executive Committee met, and on the following 
day the Board of Directors. It was unanimously de- 
cided to abandon plans for the 49th Annual Convention 
in Detroit and to adopt a suggestion which had been 
discussed and urged many times in past years—to in- 
clude advertising in each issue of AMERICAN FouNpDrRy- 
MAN, beginning in May and carrying on during the rest 
of 1945, and to present a “Year-’Round Foundry Con- 
gress,” through its pages. 

Consequently, you now have the AMERICAN FouNnp- 
RYMAN in its new form. Decision as to whether the 
policy of continuing its present form after the trial 
period, has yet to be made. 

The constantly improved pages of the AMERICAN 
FOUNDRYMAN keep our membership more completely 
informed of the progress of the Association and of the 
actions of the Board of Directors. The “Report to the 
Membership,” recently sent to all members from the 
National Office, enumerates the major activities which 
have been completed or are presently in progress or 
about to be undertaken. 

At this time I wish to mention a few of the accom- 
plishments of A.F.A. which I consider especially note- 
worthy and as having progressed or been initiated dur- 
ing the past year. 


New Membership Record 

Membership has again reached an all-time high, 
standing at 7,815 on June 30, 1945. The significance of 
this accomplishment is obvious. Your Technical Staff 
and the General Staff at the National Office, as well 
as your National Officers and Board of Directors, are 
fully aware that this increasing interest in the objectives 
of the Association creates an obligation for the enlarge- 

*President, Cadillac Malleable Iron Co. 


Nore: Presented by retiring President KR. J. Teetor before the Annual 
Business Meeting of A.F.A., July 18, 1945. . 


ment and amplification of the services which may prop- 
erly be offered by the Association 

National Membership Chairman Fred Walls and his 
committee of Chapter membership chairmen are entitled 
to all the credit for the more than normal increase in 
membership during the past year. 

Company and Sustaining Dues Raised 

A committee of the Board was appointed to thor- 
oughly explore the matter of dues from members, and 
brought in the recommendation that Company Member 
dues be increased from $25.00 to $50.00 annually, and 
that Sustaining Membership dues be increased from 
$50.00 to a minimum of $100.00 annually. No recom- 
mendation was made for a change in the dues of Per- 
sonal Members. The recommendation of this subcom- 
mittee was unanimously approved by the Board of 
Directors in January, and the new dues structure 
therefore became effective on July 1 of this year. 

Four Chapters Added 

Expansion of our Chapter Membership by four new 
Chapters—Central Ohio, Oregon, Saginaw and North- 
western Pennsylvania—is an accomplishment in which 
your National Officers take great pride. Credit for this 
outstanding achievement goes three ways: to Secretary 
Robert E. Kennedy, who has so effectively promoted 
and encouraged Chapter organization; to the local 
committees of foundrymen, members of A.F.A. who 
have assumed the burden of organizational work; and 
to the neighboring Chapters who have cooperated so 
generously and have in some cases given up a portion 
of their own membership in order that new Chapters 
in other areas might be established. 

Acquisition of the Dr. Richard Moldenke Library of 
some 500 volumes on foundry practice in America and 
abroad, the gift of Mrs. Moldenke, constitutes a notable 
addition to the library of A.F.A., which is now the most 
complete collection of text books on foundry practice 
in America. One of the major objectives of the Asso- 
ciation, and one of increasing interest and importance, 
is to expand our technical library and promote its avail- 
ability to foundry and related interests. 

How T.D.P. Began 

I want to say a special word here about the Technical 
Development Program, because, while it has begun to 
reach sizeable stature during my term of office, it had 
its conception in the minds of earlier administrations 
several years back. Definite action was taken toward 
establishment of an A.F.A. Foundation under the leader- 
ship of past President Duncan Forbes, in 1942-43. That 
administration made no mistake when it envisioned a 
Foundation for the advancement of foundry science, 
greater in scope and requiring greater financial outlay 
than has as yet been found possible of fulfillment. 

During the succeeding year, 1943-44, your Board of 
Directors under the leadership of Lee Wilson considered 





ee 


ee 





a. ee 











Vili 


and reconsidered, revamped and reconstructed, and 
even renamed the project. By the end of that year they 
had formulated a revised plan, now the Technical De- 
velopment Program, which gives promise of carrying 
out the fundamental objectives earlier envisioned, and 
of growing to the stature originally conceived. 

The Technical Development Program has completed 
its first year of existence under the directorship of 
Norman F. Hindle. It has taken over the publishing 
of technical books on foundry practice and has func- 
tioned well, within the limits of personnel and time 


available. 


Unlimited Possibilities 

It is to be expected that the Technical Development 
Program, having as its functions the promotion of tech- 
nical publications, expansion of library facilities and the 
encouragement of increasing educational opportunities 
as related to the foundry industry, will make itself felt 
and increasingly valuable, as the ambitious program 
which it has undertaken gradually develops. Plans are 
definitely under way for the expansion of its technical 
and administrative personnel, necessarily difficult of 
accomplishment because of conditions arising out of 
the war. 

lechnical development activities constitute the most 
important function of a technical society such as A.F.A., 
for without expanding technical activities and promo- 
tion of technical education opportunities and facilities 
for the foundry and allied industries, this great Asso- 
ciation of ours would take on the color of a social or 
fraternal organization. 

The support that has been given to the financial re- 
quirements of the Technical Development Program has 
been generous. It is to be expected that, as this pro- 
gram expands and is more fully recognized in its true 
perspective, the membership of A.F.A. and the foundry 
and allied industries will continue to support it even 


more liberally 


Relations with Trade Groups 
Another field in which A.F.A. offers service to the 
industry is in cooperation with the several 
trade associations which serve the various 
branches—steel, malleable, gray iron, nonferrous. In 
promoting the commercial advancement and technical 
progress of the various industries, these trade associa- 


foundry 
foundry 


tions are great constructive forces in the industry; but 
they are by their very nature separately inspired and 


functioned. 


PRESIDENTS ANNUAL ADDRESS 


The foundry industry will present to industrial Amer- 
ica a more accurate conception of its basic importance 
when there is greater unity in the objections of the vari- 
ous branches. The most wholesome and permanently 
constructive objective looking toward unity of purpose 
and deserving of national recognition stands unchanged 
for 49 years; 

“To promote the arts and sciences applicable to 

metal castings manufacture. To improve the 

methods of production and quality of castings.” 

Within this premise, A.F.A. eagerly solicits every 
opportunity to be of service to every Trade Association 
of the foundry or allied industry. The A.F.A. can never 
divert its energies from this single purpose. It can never 
assume the general functions of a trade association. It 
can, however, through the expansion of its membership 
and through its more comprehensive services to mem- 
bers, promote the unification of the foundry industry 
and national recognition so well deserved. 


A Mandate for Service 

A technical society whose membership has expanded 
from 2,500 to 7,800 in the space of eleven years, and 
whose increment of increase has quite generally been 
greater year by year (1,195 in the last twelve months), 
surely has received a mandate to expand its services. 

Now in closing, I wish to say a word of appreciation 
to the staff at the National Headquarters. The serv- 
icing of our greatly increased membership, our expand- 
ing chapters, now numbering 31, and the promotion of 
activities under the Technical Development Program 
has been accomplished through the fine and loyal efforts 
of the staff organization. 

As my term of office comes to an end with this 
meeting, I find it impossible to adequately express my 
appreciation to the many committees of the Association 
for their splendid work throughout the year, to those 
authors who have prepared the papers now being pub- 
lished in the AMERICAN FouNpDRYMAN in lieu of the 
Convention, to the Directors, and especially to the 
members of the Executive Committee for their fine 
support and cooperation. 

My principal regret is that I found it utterly impos- 
sible to take advantage of the privilege of visiting many 
of the chapters during my term of office. Such visits 
as I could and did make were inspiring to me and will 
always remain among my most pleasant memories. 
I deeply appreciate the honor of having been called 


upon to serve. 
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Presentation of The Joseph Seaman Gold Medal Award to Robert E. Kennedy 


By H. S. Simpson, Past President and Member of the Board of Awards 
At the ANNUAL BUSINESS MEETING, Chicago, July 18, 1945 


[ IS a real pleasure to me to present the Joseph Seaman 


Gold Medal Kennedy 
spect that everyone in the foundry has for him. I 
could speak endlessly on his many good points. ! don’t know 
industry, who is more 


to Bob because of the sincere re- 


industry 


of any man, in or out of the foundry 
conscientious, less selfish, and who really wants to do things 
for other people more than does Bob Kennedy. He has a won- 
derful character and disposition and has been a tremendous 
help to the foundry industry as a whole and particularly to all 
the members of the American Foundrymen’s Association, with 


which he has been connected for so long a time. 


Bob Kennedy’s first full-time 
student in grade school in Vincennes, Indiana. This job was in 
A “stripper 


job was when he was a 


a cigar factory where he was the chief “stripper.” 


It was there, 1s Bob says, 


pulls the stems out of cigar leaves 
that he tried his first tobacco chewing and soon stopped, which 


he also remarks was not a good start for a foundryman or a 


molder. Then he went to the Winona Trade School, where 
they were doing commercial work for foundries of that dis- 
trict. He was paid the magnificent sum of four cents an hour 


, and later during the de- 
$0.00) hour; in 


there were no unions at that time 


pression of 1907 he worked for no cents per 


fact, he earned his living by washing dishes and tending fur- 
naces. He remarks that food was a problem, so very often he 
would get some hot dogs and fry them over the core oven 


fire, until he found one restaurant where he could get all he 
wanted for 25 cents. Imagine how different it is at the present 
His experiences learning to become a foundryman were 


forgotten the things that he got 


time 
interesting and he has neve1 
the hard way. 

His first American Foundrymen’s Association Convention 
1910 at Detroit. At that time he was a student at the 
Winona (Indiana) Technical Institute, where several of the 
boys were learning to be foundrymen. Some way they found an 
opportunity to go to Detroit and were immediately impressed 
with the magnitude of the foundry industry, and also, as Bob 
were astonished at the kindness of the older men who 
greeted them. They all tried to be helpful, so the boys went 
back to their school with a feeling of importance and _ pride 
in our industry. How essential that is at the present time when 
all foundrymen should have the same feeling for young men 
who are, or should be, interested in the foundry industry. Bob 
joined the Association that same year—1910—so, of course, he 
is an old timer in the A.F.A., dating back 35 years, three and 
one-half decades. 

His first paper before the American Foundrymen’s As- 
sociation was in 1914, when he discussed some information 
that he had obtained in making time studies on molding meth- 
ods. The second paper was in 1915 on core room practices. As 
a result of that second paper he states that he will never forget 
some of the criticism he had, but most of the comments were 
complimentary; after all, he was young and was learning what 
to say and what not to say. 

Meanwhile, Bob went to the University of Illinois in the 
fall of 1909 taking a mechanical engineering course. He then 
was offered the position of instructor in foundry practice, 
which he took and handled very well as everyone in those days 
had a great deal of respect for the ability that he showed in 
connection with his job. 

Later in 1916 he contributed a paper at the Cleveland 
Convention of the A.F.A. on the subject “Analyzing Foundry 
Operations as a Basis for Improvement in Shop Conditions.” 
This paper with illustrations and graphs will be found very 
interesting to ariyone who will study it even at this tir 


was 1n 


SavVs, 


ix 


Bob's final contribution before coming with the American 


Foundrymen’s Association was at the 1920 Convention when, 
together with Bruce Benedict of the University of Illinois, Bob 
presented a paper on the subject “Training Foundry Execu 
tives.” This also appears in the A.F.A. Bound Volumes and 
it, too, will be found a valuable study at this date. At that 
time, our old friend, A. O. Backert, past President of thi 
\.F.A., started an interesting discussion of Bob Kennedy's 
paper. We quote from Mr. Backert: “Mr. Kennedy and M1: 
Benedict are to be highly commended for the marvelous work 
they have undertaken at the University of Illinois. For many 
years I have heard foundrymen criticise the efforts that are 
being made by colleges and schools in endeavoring to train 
apprentices, to turn out shop executives, and in some experi 
mental cases to turn out molders. In very few instances have 
the foundrymen lent their financial support although they 


always had plenty of so-called moral criticism. I think the time 


has come when the foundrymen of the United States must get 
back of some movement, not only morally, but get back of it 
financially to help train executives that are so sorely needed in 
advice from Mr. Backert 


rather significant that Mr. Backert at that 
a matter that is even more important today and 
did then? Of 
everything 


the foundry industry today.” Timely 


Isn't it time 


would discuss 
needs just as 
Bob Kennedy has in these many done 
anybody could do to help along the laudable project of train 
ing men for the foundry industry. If the paper presented didn't 
do more than to provoke such bring them to 
the attention of the foundrymen of 
tainly of real value 


His friend, Charlie Hoyt, recalls sitting in the 


course, 
that 


much attention now as it 


years 


comments and 


the country, it was cer- 


Colosseum 


at the State Fair Grounds at Columbus and hearing Bob's 
paper and the discussion which followed 
Bob Kennedy had served on the papers committee in 


1916 when Cole Estep was chairman, and it was his service on 
that committee plus the contributions-mentioned above that 
prompted Mr. Hoyt, when he 
securing an assistant secretary, to go down to Urbana in 1921 
and get Mr. Benedict’s permission to approach Bob Kennedy 
with an offer, which resulted in securing him for the American 
Foundrymen’s Association. Mr. Hoyt, incidentally, considers 
this his most valuable contribution during his 36 years’ activity 


had received authorization for 


the Association. 

Bob Kennedy's industry record the March, 
1945, issue of the AMERICAN FouNDRYMAN, which mentions 
the experience he obtained during World War I in the Steel 
Foundry of the Watertown Arsenal, Watertown, Mass. Men 
tion also is made there of the fact that he was honorably dis- 
charged from the Army in 1919. He then was made Assistant 
Superintendent of the U. S. Training Service, Foundry 
ing, Department of Labor, where among other things he pre- 
pared the bulletin on industry training. He then returned to 


the University of Illinois as superintendent of the foundry 
and started his 


with 
appears in 


I rain 


where he was negotiated for by the A.F.A 
services with our Association in 1921. Bob then carried on his 
work as assistant secretary and later as technical secretary 


while he was still active at the University of Illinois, commut- 
ing back and forth between Urbana and the Chicago office of 
A.F.A. until in 1928 he moved to Chicago and from that tame 
to this, he has given his full and valuable service to the Amer- 
ican Foundrymen’s Association—twenty-four years with A.F.A 

It is almost unnecessary to outline what he has done from 
1928 to 1945 for the A.F.A., including the last few years when 
he has been Executive Secretary. His work on chapters, his ac- 
quaintanceship and cooperation with all of the hundreds of 














committeemen, his organization of papers at conventions and 
his loyalty to the A.F.A. has been a record that I think may 
never again be equalled. Bob Kennedy is one of those men who 
thinks more of his job and of the Association that he has 
worked for for so many years, than he does of himself. He 
has done his work regardless of what it meant to him per- 
sonally. When I think of all the men in the country who de- 
serve a medal and recognition of that kind from the American 
Foundrymen’s Association and from the industry in general, 
it is certainly Bob Kennedy, who is one of the first on the 


list. 


ForTY-NINTH ANNUAL BUSINESS MEETING 


It is, therefore, a great pleasure for me, representing the 
Board of Awards, to present the Joseph Seaman Gold Medal 
to Robert E. Kennedy for his work in the Foundry Industry 
and for the American Foundrymen’s Association. The theme 
for the Seaman Medal is kindliness—doesn’t that truly char- 
acterize our Medalist? All of us wish him the best of luck, con- 
tinued work in the thing he likes to do best, and to let him 
know that this medal is not only for the valuable work he has 
done but also as a token of affection and esteem from all of 
those who know him. God bless Bob Kennedy. 


R. E. Kennedy's Reply to H. S. Simpson's Presentation 


I feel especially humble upon receiving this medal, be- 
cause I know what the Board of Awards has had in mind over 
the years when bestowing this honor, and I know my unworth- 
iness in meeting this standard. Certainly, I am greatly and 
deeply appreciative of this award. ‘ 

In accepting this medal, I do so with the clear under- 
standing that whatever I may have done has been solely due 
to the diligent and valuable work of our authors and com- 
mittee and chapter workers. They are the ones to whom I feel 
this honor should be given. I can realize perhaps better than 
others how freely these men have given of their time, experi- 
ence, and knowledge. The record of the A.F.A., as published 
in the Transactions, shows that the books and reports of the 
Association are truly monumental and are expressive of what 
we have come to accept as the A.F.A. motto: 

“Coming Together is the Beginning; 
Keeping Together is Progress; 
Working Together is Success.” 

This has been the watchword and accepted policy of the 
A.F.A. since its organization in 1896, nearly 50 years ago when 
farsighted pioneer men of the industry gathered together at 
Philadelphia to organize the A.F.A. 

As a schoolboy I attended my first convention at Detroit 
in 1910, and there I was deeply impressed by the universal 
and kind helpfulness to a group of schoolboys of those of the 


industry attending that meeting. This attitude has always im- 
pressed me as the outstanding characteristic of men of the in- 
dustry, men with whom I have worked and grown to love for 
their kind helpfulness and cooperation, with all working to- 
gether to solve the problems of the industry. This attitude I 
know will always be a foremost characteristic of the men of the 
casting industry. I recall with pleasure certain men who have 
been most helpful to the A.F.A. and to my work as a member 
of the Staff—Hy Bornstein, Jim MacKenzie, Dr. Moldenke, 
and then John Bolton and the later group of our present work- 
ers. I feel especially proud to have had a little influence in en- 
couraging some of these workers, especially Harry Dietert, who 
I feel is my protege, inasmuch as I introduced him to our 
original Committee on Foundry Sand Research. 

In accepting this honor, I want to acknowledge most 
freely the leadership of Ed Hoyt and the cooperation of our 
Staff, especially Jennie Reininga, Norm Hindle, Bill Maloney, 
and others. 

Mr. Simpson, it is an honor to accept this medal from 
you, a member of the Board of Awards, who represents all 
that the A.F.A. stands for, and I thank you and the Board 
for thinking of me as worthy, and it is with every hope that I 
may continue to be helpful in the future and show that kind- 
liness which was an outstanding characteristic of “Daddy Sea- 
man,” the donor of this award. 


Presentation of the John A. Penton Gold Medal Award to Clarence E. Sims 
By Lee C. Wilson, Past President, A.F.A. 


The opportunity of making the presentation of the John 
A. Penton Gold Medal awarded to Clarence E. Sims this year 
by the Board of Awards gives me unusual pleasure. I am 
familiar with a number of the many worthwhile scientific in- 
vestigations which he has made over the years to the benefit 
of the Foundry Industry. He has drawn unstintingly upon his 
knowledge to help solve problems of foundrymen in order to 
help make a better industry. 

Born in Chicago, Mr. Sims received his early education 
there. Later he attended the University of Illinois, from which 
he was graduated in 1915 with a Bachelor of Science degree 
in Chemical Engineering. He continued his studies at the 
University of Utah and received his Master of Science degree 
the following year. He then entered industry and served in 
various Capacities with the Anaconda Copper Mining Com- 
pany, Anaconda and Great Falls, Montana; Michigan Electro- 
chemical Company, Menominee, Michigan; R. W. Hunt Com- 
pany, Chicago, Illinois; Research Division, Chemical Warfare 
Service, Washington, D. C.; Aluminum Co. of America, 
Niagara Falls, N. Y.; U. S. Bureau of Mines Experimental 
Station, Seattle, Washingten and Pittsburgh, Pennsylvania: 
American Steel Foundries, East Chicago, Indiana. Early in 
1936 he took his present position with the Battelle Memorial 
Institute. 

Mr. Sims has written widely for the technical press on 
subjects such as Melting Units and Methods, Heat Treatment, 
Synthetic Cast Iron, Refractories and Inclusions. In 1932 Clar- 
ence Sims was co-author with G. A. Lillieqvist of a paper on 
“Inclusions—Their Effect, Solubility and Control in Cast 
Steel,” which was presented at the mecting of the American 


Society of Mining and Metallurgical Engineers, which won fo: 
them the R. W. Hunt award for the best paper on iron and 
steel presented before that organization in that year. 

Clarence E. Sims is a past director of American Foun- 
drymen’s Association and has been long active in the technical 
work of the Association, having presented numerous papers 
and served on many committees. He is also active in the new 
Central Ohio Chapter of the Association. He is a member and 
chairman of the Committee on Methods of Producing Steei for 
Castings and is A.F.A. representative on the Open Hearth 
Committee of the Institute of Mining and Metallurgical Engi- 
neers. 

Clarence Sims has presented before American Foundry- 
men’s Association meetings papers on the “Preparation of Steel 
to Avoid Porosity in Castings,’ “Effect of Aluminum on the 
Properties of Medium Carbon Cast Steels” and “Hydrogen and 
Nitrogen as Causes of Gassiness in Ferrous Castings,” the latter 
in collaboration with C. A. Zappfe. 

From a practical standpoint his work on the “Preparation 
of Steel to Avoid Porosity in Castings” and “Effect of Alumi- 
num on the Properties of Medium Carbon Cast Steels” have 
been most outstanding in their benefits to the manufacturer 
of steel castings and have been the direct means of helping 
many steel foundries in eliminating porosity, particularly in 
pressure castings. 

It is therefore my privilege to present to Clarence E. Sims, 
Supervising Metallurgist of Battelle Memorial Institute, the 
John A. Penton Gold Medal of the American Foundrymen’s 
Association in recognition of his outstanding contributions of 
scientific and practical value to the Foundry Industry and to 


this Association. 
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C. E. Sims’ Reply to L. C. Wilson's Presentation 


In replying, I wish first to say simply and honestly that 
I am deeply honored. In thanking the Board of Awards and 
the Board of Directors who chose me for this honor, I would 
like to add that my greatest personal satisfaction comes from 
the realization that I have friends who think well of me. Mr. 
Wilson has been most kind in his remarks, but if it is true, as 
he says, that I have made some small contribution to the 
advancement of the steel casting industry, then much credit 
must be given to the fact that I have had unusual opportuni- 


ties. Facilities and time have been made available to me, by 


farsighted men who believe in research as a practical activity 
I have also been fortunate in being associated with co-workers 
who have been a source of inspiration and help. I accept this 
award with the understanding that it is something much more 
than a personal tribute, it is a recognition and an appreciation 
of the spirit of progress that today is permeating all of our 


industry. 


Presentation of Honorary Life Membership to M. J. Gregory 
By Lee C. Wilson, Past President, A.F.A. 


The award of Honorary Life Membership to M. J. Greg- 
ory I am sure is a very popular one. Through his apprentice 
courses at Brown and Sharpe Company, he became interested 
in boys and in their development for the Foundry Industry 
and throughout his business career, in his quiet way, h« has 
been instrumental in developing many valuable men for the 
Industry, and it is fitting that recognition of the value of 
suck accomplishments be made. 

Greg has brought his foundry to our conventions in his 
exhibits of molding and core work, which have been very 
educational to all those viewing these exhibits, and he has 
spent a great deal of time and energy in working up and 
demonstrating methods which he has developed. 

M. J. Gregory is well known for his work as Factory 
Manager of the Foundry Division, Caterpillar Tractor Com- 
pany, Peoria, Illinois. A member of A.F.A. for many years and 
a past director. 


Mr. Gregory began his industry career as an apprentice 
at Brown and Sharpe Manufacturing Company, Providence, 
R.I. He also studied at Brown University and at the Massa- 
chusetts Institute of Technology, where he was a student of 
Metallography under the direction of the late Dr. Albert 
Saveur. Several important operating papers on foundry tech- 
niques were prepared by him for presentation at various tech 
nical meetings. Under his direction a “model” foundry staffed 
almost exclusively by women was set up at Caterpillar for 
the production of aluminum airplane cylinder heads. 

Mr. Gregory is now retired and is a very busy man doing ; 
things that he has always wanted to do but because of his 
work in the foundry industry he had been unable even to 
approach them. 

It is therefore my great pleasure to present to you, M. J. 
Gregory, the Honorary Life Membership in the American 
Foundrymen’s Association, as directed by the Board of Awards 


PRESENTATION OF OTHER AWARDS 


HONORARY LIFE MEMBERSHIP in the A.F.A. was 
presented, in absentia, to Rear Admiral A. H. Van Keuren, 
U.S.N., Director of the Naval Research Laboratory, Washing- 
ton, D. C., “in recognition of his efforts in behalf of the 
Foundry Industry.” 


Presentation by L. C. Wilson as Chair- 


man, Board of Awards. HONORARY LIFE MEMBERSHIP 
was presented also to retiring President Ralph Teetor. Chair- 
man Wilson paid tribute to the quality of leadership A.F.A. 
has had under the guidance of President Tector, in laying the 
foundation for greater service to the entire industry. 











Report on Election of Officers and Directors 
Presented Before the Annual Business Meeting, Chicago, July 18, 1945 


Members of the American Foundrymen’s Association 


It is my duty and privilege, as well as pleasure, to report 
to you in accordance with the By-Laws, Articles X and XI, 
that the duly appointed Nominating Committee has presented 
to your Secretary their selection of nominees for officers and 
directors for election. This report was in accordance with our 
By-Laws published to our members through the pages of the 
AMERICAN FOUNDRYWMAN 

Further, in accordance with the By-Laws, as no additicnal 
membership, I am 


officers and 


nominations have been presented from the 


authorized to report to you the duly elected 
directors as follows 
Pre ident to serve for one year 


Fred J. Walls, International Nickel Company, Detroit, 
Mich 
Vice-President serve for one year 
Sheldon V. Wood, Minneapolis Electric 
Co., Minneapolis, Minn 


Steel Casting 


Directors to serve for one year 
i: Teetor, Cadillac Malleable Iron Co., 
Mich., as retiring President 


Cadillac, 


Director fo serve for one year 


George K. Dreher, Ampco Metal, Inc., Milwaukee, Wis 


E. W. Horlebein, Gibson & Kirk Co., Baltimore, Md 
H. H. Judson, Goulds Pumps, Inc., Seneca Falls, N. Y 
James H. Smith, General Motors Corp., Detroit, Mich. 


Steel 


Casting Co., 


F. M. Wittlinger, Texas Electric 
Houston, Texas. 

Accordingly, I offer the motion, in accordance with the 
provisions of the By-Laws, Article XI, Section 1, “That the 
Secretary be instructed to cast the unanimous ballot of all 
members for election of candidates named by the Nominating 
as published to the members.” 


Association owe a vote 


Committee and 

I feel that we as members of the 
of thanks to the Nominating Committee for their work and 
These members of the committee were: 
Forbes Foundries 


selection. 
Chairman D. P. 
ford, Il. 
L. C. Wilson 


Gunite Inc., Rock- 
1220 Parkside Drive, South, Reading, Pa 
R. K Republic Steel Corp., Buffalo, N. Y. 

Martin J. Lefler—Strom Brass Foundry, Elkhart, Ind. 
W. E. Mahin——Armour Research Foundation, Chicago, III 


McFarlin— The Cincinnati, 


Glass 


Henry Lunkenheimer Co., 
Ohio. 

Charles Morrison—Saginaw Malleable Div., General Mo- 
tors Corp., Saginaw, Mich 

John W 
cago, Ind 


E. P. Trout 


Texas 


Porter—-American Steel 


Lufkin Foundry & Machine Co., Lufkin, 
Respectfully submitted, 
R. E. KENNEDY, 


Secretary. 


Report of the National Judges A.F.A. 1945 Apprentice Molding and 
Patternmaking Contest 


On Saturday, July 14, the judges of the National Appren- 
tice Molding and Patternmaking Contest met and went over 
been submitted for this competition 
Following the as laid out by the National Appren- 
tice Contest Committee, the judges graded each entry, and 
their selections as first, second and third 


the entries which had 


procedure 


the following are 


winners in each of the classes: 


Non-Ferrous Molding 
First Prize—John Hronek, 
Manitowoc, Wis. Rating—-77 
Second Prize—-Frank Spano, Allis Chalmers Mfg. Co., Mil- 
waukee, Wis. Rating—69 
Third Prize—John Chrnelich, Allis Chalmers Mfg. Co., Mil- 
waukee, Wis. Rating—66. 


Wisconsin Aluminum Foundry, 


Gray Iron Molding 
Doucet, Canadian National 
Canada. Rating-—95. 
Steve Grabowski. Rating—78 
Lalonde, Montreal Foundry, Montreal, Que- 
Rating 7 


Steel Molding 
First Prize-——Frederick C. Krueger, Birdsboro Steel Foundry 
and Machine Co., Birdsboro, Pa. Rating—89.15 
Crevier, Canadian Car & Foundry, Montreal, 
Rating—-81.5. 


First Prize—E Railways, Mon- 
treal, Quebec, 

Second Prize 

Phird Prize H 


bec, Canada 


Second Prize P 


Quebec, Canada 


Patternmaking 
laddeo, Birdsboro Steel Foundry and 


Rating—98. 


09 5 


First Prize Anthony 
Machine Co., Birdsboro, Pa. 
Prize—Robert Cech. Rating 
Third Prize D. MacKenzie, Canadian 

Quebec, Canada. Rating—88.25. 

We are very pleased to note that a newcomer chapter to 
the contest was able to take three places, and our congratu- 
Eastern Canada and Newfoundland Chapter 
wish to express our appreciation for the 


Sc { ond 


National Railways, 


lations go to the 
Further, we 


xii 


splendid cooperation of those men who were willing to give 


their time as judges. They were as follows: 


Patternmaking 

R. W. Schroeder, Washburne Trade School, Chicago. 

Martin Rintz, Continental Foundry & Machine Co., East 
Chicago, Ind. 

H. K. Swanson, Swanson Pattern & Model Works, Chi- 
cago. 

Frank Mueller, Fdry. Supt., American Steel Foundries, 
Indiana Harbor Works. 


Steel Molding 
Martin Rintz, Continental Foundry & Machine Co., East 
Chicago, Ind. 
Frank Mueller, Fdry. Supt., American Steel Foundries, 
Indiana Harbor Works. 


Gray Iron Molding 
Roy W. Schroeder, Washburn Trade School, Chicago. 
C. G. Mate, Greenlee Foundry Co., Chicago. 
F. H. Peterson, Fdry. Instructor, Northwestern Institute 
of Technology. 


Non-Ferrous Molding 
R. W. Schroeder, Washburne Trade School, Chicago. 
John M. Sheridan, General Foreman, Brass Foundry, 
Crane Co., Chicago. 

We feel very gratified that our Apprentice Committee 
under the chairmanship of Carl W. Wade of the Caterpillar 
I'ractor Company, Peoria, were able to conduct the contest this 
year under conditions which were quite difficult because of 
the War, and which have made indentured apprentice training 
almost non-existent. We are most happy that this contest, 
started in 1924, has been carried through, and we are looking 
forward to more and more chapters fostering contests for future 
years. 

Respectfully submitted, 
R. E. KENNEDY, 
Secretary. 


Foundries, East Chi- _ 











Report of the A.F.A. Secretary 
To 1944-45 Board of Directors at the Annual Board Meeting, 
. July 18, 1945 
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; N REPORTING as your Secretary, this year we have to Chapter organization, and it is expected that several new 
e 4 acknowledge that the year has been unusual inasmuch as Chapters will be organized in 1945-46. In this connection, it 
d “ wartime conditions necessitated our complying with the O.D.T. is interesting to note that a member in Mexico City has hopes 
¢ regulations, which led to the cancellation of our plans for of later organizing a Chapter there, and at the present time 
. 2 holding our scheduled 4th Foundry War Production Congress is trying to build up membership to this end. It has been the 
% at Detroit in May. This O.D.T. order caused concern and policy of A.F.A. to encourage local groups to form Chapters, 
: required considerable thought and immediate action in as we know an ideal condition would exist if every member 
K making plans for an alternate program, which resulted in what could attend a Chapter meeting quite regularly, although 
, is called an all-year-round convention, carrying in the this ideal will not be possible to reach because of the scat- 
= AMERICAN FOUNDRYMAN the papers and committee reports tered geographical location of some of the members. We now 
j planned for the convention. The authors and committees have 93.4 per cent of our members affiliated with Chapters 
l “se . > ¥ y 
’ have responded in a very gratifying manner, and we agree After several years of holding Chapter delegate meetings 
, that the results are going to be satisfactory to all our mem- at the time of the annual conventions, last year the Board of 
a 7 bers. In addition, the authors of papers have been contacted Directors thought that the Chapter chairmen should be 
| and many are willing to present their papers before Chapte brought together in a special meeting to review and discuss 
P : meetings. These papers, after appearing in the AMERICAN problems of Chapter operation. At this meeting held a year 
: FouNDRYMAN, will later be rearranged and reprinted as in ago during August all the Chapters except one were repre- 
. : Volume 53 of our Transactions for the proceedings of 1945 sented. Those attending felt that the meetings were worth 
i while and that it should be an annual affair and should 
; Membership cover two days instead of the original one, so as to give more : 
* Due to the splendid work of our Meiabership Committee, time to full discussion of important subjects. Accordingly, ) 
"§ under the chairmanship of Vice-President Fred J. Walls, con- this year a meeting has been held here in Chicago on July | 
i sisting of all the Chapter membership committee chairmen, 17th and 18th, using the occasion to stage the annual A.F.A | 
4 the Association started the year with 6,620 members as of Business Meeting | 
June 30, 1944, and we have finished the year as of July 1, lhe Board’s Chapter Contact Committee under the chair- ) 
be 1945, with 7,815 members, a record increase of 1,195, finish- manship of I. R. Wagner has this past year provided a 
ing the year with another all-time high total. A summary of schedule for official visits to cach chapter by the President, 
: the membership will be presented later and published in the Vice President, and members of the Chicago Staff. This pol 
‘ lransactions. We like to feel that the membership record icy of annual official visits is recommended, as it is believed 
c is a tribute to the real fundamental work done by the Asso- that by this meeting all Chapters can be better directed and , 
.. ciation over the years since its organization. We are all so more satisfactory maintenance of Chapter relations with the 
q proud of the policy of the Membership Committee, which is national office. It is realized that next year this official visi 
a “no high pressure, and any new member must want affilia- tation may have to be curtailed due to wartime travelling 
; tion for the good it will do him and the good he can do for conditions 
t » the A F.A. before joining.” Finance 
Further, in comparing records of similar organizations of - : 
o . _ mg . i The Finance Committee of the Board annually consists of 
: 7 professional and technical societies, we believe that our record . 
: Sage the chairman, who is the junior past president, the Presi 
of membership increase has been proportionately greater than , ) 
Py : : : , ; dent and Vice President. Each year this committee with the 
y any other technical seciety, for since 1934, our post-de- rf , 
i aie staff develops a budget of estimated income and expenses 
pression low of 1,250 members, we have had, year after year, 
, , , , : : This past year the budget estimate has been exceeded in the 
a straight-line increase. In 1938 we reached an all-time high 
we ie cseslien : ‘ total of all the income items and the total of the expense 
es record of 2,477, and since 1938 each year has set a new 
t oe , ‘ : items was less than estimated. The ‘Treasurer's report giving 
ig all-tzme high record. It would take a wizard to estimate the 
5, ' - : ; financial statement will be presented in detail by Treasures 
potential membership if the A.F.A. continues to serve the , 
3 ay ; : : at ; Ed Hoyt and published in the Transactions for the informa 
? te oa foundry industry as in the past. It is interesting to note that : : 
Rad ‘ , sae * tion of the members 
this membership increase began in 1934, coinciding with the 
+ starting of our first Chapter. 


By-Laws 
Chapters This has been the first year of operation under the By- 
P The year 1934 saw the initiation of what we now know Laws effective July 1, 1944. The Board acting under thes 
, was one of the most important actions or movements in our provisions has seen fit to increase the company and sustaining 
Association history. That year the Board of Directors ap- 
proved the formation of Chapters to hold monthly meetings, 
bringing together members of various districts for discussing 
foundry papers and foundry problems. Following the forma- 
tion of the first Chapter, which was the Chicago Chapter, 
the idea was immediately popular and year by year additional 
Chapters have been formed until now there are 31, ranging in 


membership dues, raising the company membership dues from 
$25.00 to $50.00 and the sustaining membership dues from 
$50.00 to $100.00 minimum. No change was made in the 
dues of the other classes of members. It has been gratifying 
to note the, response of company and sustaining members to 
this increase, and it is believed that the increase will show 
a substantial return to the Association over the old rate. giv- 








; location from Montreal and Toronto, Canada, on the north, ing the Association greater opportunity to carry out more 

to Houston, Texas, on the south, and from 3 West Coast fully the work which has been planned 

‘ Chapters to 3 on the East Coast, with the bulk being largely % 4 

. centered in the heavy foundry states of the central Great Technical Committees 

Lakes area. Our Special Interest Technical Committees were this year 

: This past year four new Chapters were formed, these being set up and organized as usual. They have continued to func- 
Central Ohio, with headquarters in Columbus, Ohio; the tion in a very splendid manner, though the cancellation of 
Oregon Chapter, with headquarters in Portland; Saginaw the convention prevented them from holding their usual 
Vailey, with headquarters in Saginaw, Mich., and North- meetings at the annual conference. Special credit must bi 
western Pennsylvania Chapter, with headquarters in Erie, given to these committee members for their work under these 
Pa. Other districts are showing interest in the possibility of circumstances. In addition, some have done outstanding work 

xiii 





XIV 
and we wish to review here briefly some of these activities. 


(a) Ordnance Committee 

Of most significant interest was the request from the office 
of Major General Barnes, Chief of the Research and De- 
velopment Section of the United States Army Ordnance De- 
partment. This request invited the A.F.A. to organize a com- 
mittee, representative of our divisions, which would work with 
the Ordnance Department on a long-time program of solving 
foundry problems connected with the Ordnance development. 
This request was immediately referred to our Board and after 
conference with the Ordnance Department, a committee was 
formed under the chairmanship of Vice-President Fred Walls. 
It is expected that this committee will be increasingly im- 
portant over the years, and the Association is very pleased 
to cooperate in this undertaking. 


(b) Casting Inspection Committee 

The youngest of our committees orvanized before the 1944 
Convention called the Inspection of Castings Committee has 
this year held monthly meetings in our office, with its ob- 
jective being the preparation of a Casting Inspection Manual, 
and as a side issue is planning to interest management in the 
need for giving greater consideration to casting inspection 
from the standpoint of the user. Some sections of this manual 
have been published in the AMERICAN FOUNDRYMAN. Others 
will follow, with the complete manual being issued later as a 
special reprint. The meetings of this committee will be re- 
sumed again next September. On completion of iis present 
objectives, the addition of others will be determined. 


(c) Malleable Division 

The Malleable Division through its program committee has 
completed four annual symposia on Malleable Foundry Prac- 
tice. These symposia, instituted several years ago, were 
planned with the end in view of producing material for an ex- 
tensive book on modern malleable foundry practice. To date 
the four symposia completed cover the following: 

Graphitization of White Cast Iron 

Malleable Melting Practice 

Gating and Heading Malleable Castings 

Malleable Foundry Sand Control 

One or two other symposia covering such subjects as Fin- 
ishing and Coremaking, plus a few special papers, will com- 
plete the project as originally planned, and it is realized 
that this book will be of great value to the industry. Further, 
plans are being considered for the periodic revision of keeping 
material up to date. This activity is a logical project for sub- 
mission to the Technical Development Program under its 
broad publication and periodic revision program. 


(d) Apprentice Training 

While foundry apprenticeship has been practically out of 
the picture due to the demands of the War, our Apprentice 
[raining Committee (first formed in 1926) has kept its flag 
flying this past year, for it has completed its annual Appren- 
tice Molding and Pattermaking Contest. While the compe- 
tition was limited due to the available indentured apprentices, 
it is interesting to note that a new Chapter is entered in 
this year’s competition, with these new entries coming in from 
the Eastern Canada and Newfoundland Chapter. 

These annual contests, started in 1924 at Milwaukee, have 
done much to stimulate interest on the part of companies 
and the Chapters in foundry apprentice work. Certain Chap- 
ters have been our leaders in this work, with Wisconsin the 
pioneer, and Northeastern Ohio, Quad City, Chicago, and 
St. Louis all doing good work. The individual companies that 
have been constant competitors are Brown & Sharpe Mfg. Co., 
Providence, R. I., Birdsboro Foundry & Machine Co., Birds- 
boro, Pa., and the Caterpillar Tractor Co., Peoria, Ill. Our 
appreciation goes to J. G. Goldie of Cleveland Trade School, 
Past Chairman of the Apprentice Training Committee, and 
Carl Wade of Caterpillar Tractor Co., Peoria, Present Chair- 


man. 

It is the hope of this committee that as conditions caused 
by the War improve, more and more of our Chapters will 
sponsor real training programs and contact local schools to 
interest youngsters in the foundry by organized plant visita- 
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tions and sponsoring talks before school groups. We believe 
that this activity is one which the Chapters, because they are 
close to local conditions, can be of greatest assistance in pro- 
moting organized training work to bring youngsters in the 
industry. 


e) Foundry Cost Committee 

Our Foundry Cost Committee, under the chairmanship of 
R. L. Lee of Grede Foundries, Milwaukee, with official repre- 
sentation from the foundry trade associations and societies, 
has completed and published its study of classification of 
foundry cost factors and a revision of Recommendations to 
Buyers of Castings. It is now turning its attention to the pre- 
paration of a publication of recommendations on the most 
fundamental cost systems for the use of the smaller foundry. 
It is believed that such a publication will fill a most worth- 
while and needed work and be of great value to the industry. 


(f) Job Evaluation and Time Study Committee 

This committee has been functioning under the chairman- 
ship of Robert Fisher of The Falk Corporation, Milwaukee. 
Its activity has produced some good papers, which are being 
published in the AMERICAN FouNDRYMAN. It has as a major 
future project the compilation of a booklet on the scope and 
place of time and method study in the smaller foundries. This 
past year A.F.A. Director J. H. Smith, Manager of Saginaw 
Malleable Div., General Motors Corp., Saginaw, Mich., has 
presented befere Chapters a remarkable demonstration of the 
application of time and method study to the foundry. 


(g) Cooperation with Engineering Schools Committee 

The Committee on Cooperation with Engineering Schools, 
under the chairmanship of F. G. Sefing of International 
Nickel Company, New York, has had to spend most of its 
time, due to the wartime conditions, in planning cooperation 
with the engineering schools. The Chairman is now organiz- 
ing the committee for intensive work as soon as conditions 
improve, and is planning on promoting closer cooperation be- 
tween the Chapters and the local schools, as this is a field 
where the Chapters can be of the greatest aid to the national 
office. The plan calls for sponsoring regional meetings, with 
the Chapters cooperating with the engineering schools, having 
three objects in mind: 

(1) Increasing knowledge of the engineering staff in cast- 
ings; 

(2) Promoting acquaintanceship of foundrymen with the 
engineering school work; 

(3) Educating students on the possibility of the foundry as 
their vocation. 

The committee now has a very strong organization for this 
future work. 


Gray Iron Division 


The Gray Iron Division has started a new committee, that 
on Specifications under the chairmanship of T. E. Barlow. 
This committee is not to propose specifications or in any way 
conflict with our work with the A.S.T.M., which we recognize 
as a specification making body, but is to study all Society 
standards and company specifications, suggesting ways of 
bringing these in harmony with the best practices. 


(a) Study of Causes and Remedies for Casting Defects 

This committee for several years under the chairmanship 
of W. A. Hambley of Allis-Chalmers Mfg. Co., Milwaukee, 
has continued its monthly meetings in the A.F.A. office. It 
has nearly completed its intensive study of causes and defects 
and has classified these, and may shortly be publishing its 
study with illustrations as a complete work. 


(b) Cupola Research 

A major activity of the Division for some 5 years has been 
that on cupola research. This work is being carried on under 
the supervision of the Technical Development Program and 
will be covered in the report by the Director of the T.D.P. 


(c) Engineering Uses of Cast Iron 
This committee under the chairmanship of R. G. McElwee 
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of Vanadium Corp. of America, Detroit, this past year has 
continued its efforts to complete a series of papers on engi- 
neering uses of cast iron. The report on investigation of cast 
iron for high temperature uses has been published, and other 
series are veady for publication. It is expected that when the 
complete report is published as a special bulletin, it will be 
a most valuable addition to our literature for showing the 
place of cast iron in engineering construction. 


d) Inoculation and Chill Tests 

[hese two committees are under the chairmanship of T. E 
Barlow and they will have published in reports and papers 
the outline of their work and study. 


e) Heat Treating Terms 

[he Joint Committee of S.A.E., A.S.T.M., A.S.M., A.F.A., 
on which the representatives of the A.F.A. are H. Bornstein 
and J. S. Vanick, has been active and has just completed a 
revision of its Glossary on Heat Treating Terms, and has sub- 
mitted these for review and approval to the sponsoring groups 
for final printing. 

Steel Division 

he Steel Division through its Program Committee has 
submitted an extensive series of papers on Non-Destructive 
lesting, a subject of foremost importance to the steel casting 
produc ers. 

Aluminum & Magnesium Division 

While one of our youngest divisions, this division has been 
most active this past year and has secured a splendid series 
of papers on magnesium casting practices, Recently, R. E. 
Ward of Eclipse Pioneer Div., Bendix Aviation Corp., Bendix, 
N. J., has been elected Chairman of the Division, and it is 
expected that an unusually active year will result. Recently, 
cooperating with this Division are two trade associations, 
with official representation on our Executive Committee of 
the Division, these being the Aluminum Research Institute 
and the Magnesium Association. 


Patternmaking Division 

This Division has been especially active in stimulating 
Chapters in organizing pattern discusson groups. Frank Cech, 
as Chairman, reports that pattern groups have been started 
in the Wisconsin, Chicago, Texas, and Northeastern Ohio 
Chapters. It is hoped that all Chapters before long will have 
such groups, giving greater emphasis to the cooperation be- 
tween foundry and pattern shops. 


Brass and Bronze Division 


Under the chairmanship of B. A. Miller, the Brass and 
Bronze Division can take great pride in the completion and 
publication of the first edition of the book entitled ““Recom- 
mended Practices for the Sand Casting of Non-Ferrous 
Alloys,” a project initiated some 15 years ago. The Division 
plans a complete program of sessions for the next annual 
meeting 

Publications 
a) Transactions 

One of the regular publications of the Association has this 
year resulted in publication of Transactions Volume 52, the 
proceedings of the 1944 Buffalo Congress. It comprises a vol- 
ume of 1,493 pages, the greatest number of pages of any pre- 
vious Transactions, with Volume 51 containing 1,075 pages, 
the greatest number up to that time. 


b) AMERICAN FouNDRYMAN 


With the cancellation of the 1945 Congress, the Board ap- 
proved the publication in the American FounpryMan of 
all papers which would have been presented to the Congress, 
sending copies of the AMERICAN FouNDRYMAN to members, 
the papers later being incorporated with any written discussion 
in Transactions, Volume 53. In addition, beginning with the 
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May issue and continuing through December, the Board ap- 
proved the policy of carrying paid advertisements. This plan 
has worked well with the distinct approval of the member- 
ship. 

At this time, we wish to acknowledge the excellent work 
of C. R. McNeill for his editorial work on the Transactions, 
and the work of Jerry Buhler, who has returned to us after 
service with the Navy, as Assistant Editor of the AMERICAN 
FouNDRYMAN, while Terese Koeller has done an outstanding 
job as Assistant Advertising Manager for the AMERICAN 
FOUNDRYMAN. 

This past year the Association has been extremely fortunate 
in having one of its members, B. L. Simpson, President of 
National Engineering Co., do an outstanding piece of research 
on the history and development of metal castings industry. 
Mr. Simpson has worked most effectively in getting together 
most interesting data and information on the history of the 
castings industry, and A.F.A. will be the publisher, carrying 
the book by sections month by month in the AMERICAN Foun- 
DRYMAN, later reprinting the material in a book which we 
know will be of outstanding interest to every man connected 
with the foundry industry. 

We cannot speak too highly of the most exhaustive study 
made by Mr. Simpson, and we find that his manuscript which 
contains some 140 pages plus some 200 illustrations will be, I 
am sure, of the greatest interest to our industry and the lay 
reader. We have every confidence that it will be a most valu- 
able asset to our published literature, giving the foundrymen 
the inspiration and pride in its industry for its place in in- 
dustrial development. 


Technical Development Program 

A year ago the Board authorized the separation of our tech- 
nical and publishing activities into two groups. One‘is called 
our regular activities, and all special publications and research 
volumes are combined under what we call a Technical De- 
velopment Program. This move was made to broaden and 
strengthen the work the A.F.A. has been carrying on since 
it was organized in 1896. The Technical Development Pro- 
gram has been placed under the direction of Norm Hindle, 
for years Assistant to the Secretary, working with the Ad- 
visory Committee under the chairmanship of S. V. Wood, 
with representation from management, technical, and operat- 
ing groups of various divisions. For financing the work of the 
Technical Development Program, contributions have been 
made by the members of the Association and by the A.F.A. 
We have every confidence that when the first annual report 
of T.D.P. is published, everyone will agree that this work 
meets with universal approval and commendation 

While no one can predict at this time what plans will 
materialize for the coming year, we have every hope that it 
will be possible to celebrate our 50th Anniversary in 1946 
with an outstanding major exhibit and combine this with 
an International Foundry Congress. 

We wish to express our utmost appreciation for the help- 
ful cooperation and aid of President Teetor and Vice Presi- 
dent Walls and all our directors, for they really have been a 
working group, and further, we wish to express our apprecia- 
tion for the most helpful cooperation of our staff members, 
Ed Hoyt as Treasurer, Jennie Reininga as Assistant Treasurer. 
W. W. Maloney as Business Manager, Norman Hindle as Di- 
rector of the Technical Development program. I can truth- 
fully say that I feel our staff has been working well together 
under strenuous conditions, due to the problems imposed by 
the conditions necessitated by the cancellation of the 1945 
Convention. 

Respectfully submitted, 
R. E. Kennepy, 


Secretary. 
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June 30, 1945 June 30, 1944 June 30, 1943 

Book Membership 7,815 6,620 5,665 

Sustaining 182 169 113 

Company 1651 1,471 1,341 

All Other, Except Foreign 6,37 +871 4,091 

Foreign 217 163 120 

New Members 1.803 1,510 1,172 

Net Gain 1,195 955 618 

Resignations 235 215 150 

Delinquents Dropped 356 516 384 

Removed by Death 17 24 20 

In Chapters 7,110 5,904 5,003 

Distribution of Membership by Chapters 
On June 30, 1945 
Honorar) 
Sustain- Com- Per- A ffili- Asso- A ppren- Stu- and 

Chapters ing pan) sonal ate ctate tice dent Life T otal 
NN SSS A RO IE 3 15 1 150 4 0 0 9 935 
Canton i bocainaiah silielceiseiadtiaitt I 27 i) 63 0 0 0 0 100 
Central Indiana 5 34 21 114 2 0 0 0 176 
Central New York I 2 27 74 9 0 0 l 140 
Central Ohio 2 4 16 128 5 0 l l 187 
Chesapeake 7 53 22 85 57 | QO 2 205 
Chicago 29 11] 64 +6] 2] 9 l 7 719 
Cincinnati 5 4 2/7 122 } 0 0 2 217 
Detroit 13 68 34 233 17 0 i 7 396 
E. Canada and Newfoundland } 70 12 150 11 0) 0 0 977 
Metropolitan 13 65 +9 201 15 0 0 2 343 
Michiana 3 0 22 113 I U 0 O 169 
Northeastern Ohio 23 99 63 949 ~ 10 0 7 459 
Northern California 7 28 67 164 1] 0 0 0 277 
No. Illinois-So. Wisconsin ) 18 ) 36 0 0 0 l 65 
Northwestern Pennsylvania 0 15 } 14 0 0 0 0 73 
Ontario } 106 66 58 | 0 0 ] 248 
Oregon ) 1] 8 +] l 0 0 O 64 
Philadelphia 19 63 +b 133 12 0 1 5 979 
Quad-City 6 90 28 143 9 0 l ) 236 
Rochestet 2 15 10 71 4 0 0 0 102 
St. Louis ) 57 5 129 } 0 U U 228 
Saginaw Valley 6 10 0 187 2 0 0 1 206 
Southern California 7 81 85 146 12 0 0 0 331 
Texas 6 32 23 59 2 0 0 l 123 
Toledo 0 23 14 93 l 0 0 | 9? 
win City j $2 22 92 10 0 2 0 171 
Western Michigan 5 34 10 156 0 l 0 l 207 
Western New York } 39 +O 153 3 0 0 2 241 
Wisconsin 22 108 +] 364 12 2 0 2 551 
Potal in Chapters 213 1432 971 4190 235 9 11 49 7110 
Outside of Chapter 26 139 9] 229 6 l 2 6 500 
39 1571 1062 4419 241 10 13 55 7610 
IID © sa sacctivahesivingy sickens ciate: nines ee eae. + a 5 ee 205 
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“THE financial considerations of your Association during the 

fiscal year ended June 
sidered under two separate headings: first, the General Activ- 
Association, and second, the 
This is because the 


30, 1945, should properly be con- 


ities of the echnical Develop- 
ment Program Activities. Technical De- 
velopment Program was set up to be operated with funds kept 
entirely separate from those used to finance other activities, in 
keeping with obligations to those who contributed to the Pro- 
gram so generously. 

[he accounts of the Association were audited on June 30, 
1945, in accordance with the By-laws, by Robert T. Pritchard, 
Auditor, of Chicago, and the accompanying condensed balance 
sheet indicates the financial status of A.F.A. on that date. In 
addition to liquid funds for current operations, the Association 
naintains other funds as follows: 

a) The Award Funds, administered by the Board of 
Awards, only the interest on the principal of these funds being 
itilized for purposes of annual or periodical awards for out- 
standing contributions to the industry: 

b) The General Reserve Fund, added to periodically and 
held intact for future contingencies; 

c) The Cupola Research Fund, made up of 
tions to the Cupola Research Project, administered by the 
Association but utilized only for actual Cupola Research work ; 

d) The Technical Development Program Fund, composed 
of contributions to the Program, plus an original $25,000 
allocated from the General Funds of A.F.A. for initiation of 
this important activity. 

Both the General activitics of the Association and Tech- 
nical Development Program activities are governed by annual 
budgets set up by the Finance Committee and approved by the 
Board of Directors. As a non-profit corporation, any surplus 

of A.F.A. funds at the end of any one fiscal year are allocated 
to one or more of the several maintained funds or appropriated 
for operations during the folléwing year 

Consideration of the combined income and expense of Gen- 
eral activities and Technical Development Program activities, 


contribu- 


Report on Finances 






reveals a total income of $207,811.56—including Dues income 
of $103,281.22; Subscription and Publication sales, $43,709.01 
Advertising in the pre-Convention issue of AMERICAN FOUNDRY 
MAN, $15,026.34; Appropriation from 1943-44 income, $20,000 
and $25,000 appropriated 

echnical Development 
that, 
staged in conjunction with 


from the General funds for the 


Program. It should be pointed out 


since exhibits of foundry equipment and supplies are 


Annual ConVentions of A.F.A. in 
even-numbered years, some part of the income received during 


an exhibit year may properly be appropriated for operations 


during the following non-exhibit year 
1944-45 


, over and 


Combined expenses during the fiscal year totaled 
$187,763.85 Staff 
Salaries (a major item with any service organization such as 
A.F.A.), included $63,712.09 for Production of Special Pub 
lications and Books; $19,519.63 in Refunds to Chapters through 
prorating dues income; and $11,535.24 for expense in connex 
tion with Committee, Chapter and Regional Mectings 

Because of expanding activities of the 


major items of expense above 


Association, brought 
about through constantly increasing membership and growing 
demands for additional activities, a study now is being made 
of our accounting with a 
plification of data. Establishment of the Technical Develop- 
ment Program has already indicated the unlimited possibilities 
for performing greater service to the industry in accordance 
with established business practices. It is hoped that the cur- 
rent accounting analysis will facilitate the financial work in- 
volved in performing the growing service demanded by out 
members. 


methods view toward some am- 


In view of the past year’s experience in financing the gen- 
eral activities of A.F.A. and the Technical Development Pro 
gram under separate budgets and accounts, it is recommended 
that the Finance Committee give serious consideration to a 
combined budget of income and expense for future years but 
without altering in any way our obligation to maintain Tech 
nical Development Program funds intact for such work as may 
be allocated to the Program 


Condensed Balance Sheet 
As of June 30, 1945 


ASSETS 
Cash 
Securities 
Accounts Receivable 
Inventories 
Prepaid Expenses 
Furniture and Fixtures 


$ 86,920.86 
131,993.90 
2,404.59 
21,364.52 
206.73 
2,017.93 


$244,908.53 





LIABILITIES 
Accounts Payable $ 
Reserves 
Unexpended Special Funds 
Deferred Income 
Surplus 


374.40 
71,289.59 
120,355.77 
8,893.70 
43,995.07 


$244,908.53 





President's Recommendations to the Board of Directors 
at the Annual Board Meeting, July 18, 1945 


URING my term of office I have often referred to 

the reports of former presidents to the Board of Directors 
upon their retirement from office. I find especially the re- 
port of past president Duncan Forbes of great interest. The 
following paragraphs which I submit cover some subjects 
on which I have formed opinions during the past year, and 
I hope that these thoughts may be of some value to the As- 
sociation. They are, of course, not original in all instances 
and are far from complete. 

I am aware that some of my ideas are not shared generally, 
and certainly this report -will not cover many important phases 
of the administration of A.F.A., but will touch only here and 
there upon matters which I feel I should put in writing fo 


record. Many of my suggestions are identical with those 
offered by my predecessors. 
Uppermost, at the moment, is the need for substantial 


strengthening of the National Office Staff. Upon the assump- 
that the recommendations of the Executive Committee 
as of April 26-27, 1945, will be adopted by the Board, the 
new administration is faced with a set of circumstances at the 
outset that are out of the ordinary, and such that will require 
more than the usual amount of attention from the new offi- 
cers and the Board than has generally been necessary in the 


tion 


past. 

Without a single exception, we have in our office in Chi- 
cago, in my opinion, personnel possessing professional qualifi- 
cations or skills of a high order and of a character that is 
needed and required to carry on the functions of the office. 
Chere has existed, however, a need for more complete coordi- 
nation of the functions of those in the office, and I have no 
doubt this will continue to some extent during the remaining 
period of the war and until much needed increases in per- 


sonnel may be properly made. 


Executive Committee Meetings 

However, in view of that circumstance, it becomes incum- 
upon the new officers and Board to work more closely 
the permanent staff than ever before and to give them 
assistance and directive instruction than would normally 
be considered warranted. To this end I would recommend 
that in addition to customary Board meetings in January 
and July and interim Executive Committee Meetings in Octo- 
ber and April, Executive Committee meetings be held not 
less often than bi-monthly. 


bent 
with 
more 


Plan of Organization 

With the increasing membership of A.F.A., and the ambi- 
tious program embarked upon by the T.D.P., it has been 
obvious that we are under-staffed to properly expand our 
functions as planned. It will naturally be the objective of 
the incoming administration to correct this situation as quickly 
as feasible. 

To this end, however, I recommend that a special commit- 
tee of the Board or of the Executive Committee be charged 
wi'i: an early detailed study of the plan of organization for 
the National Office, with a view to correcting any deficiencies 
which exist in view of the rapidly changing conditions which 
continue to confront the administrative office. Functional 
schedules have been prepared in the past, but I do not believe 
they have been very closely followed and, of course, an or- 
ganization chart in an institution like ours naturally must 
change frequently. But I do believe that a complete reconsid- 
eration of the functions of our staff people would be help- 
ful to them in doing efficient planning for the coming months. 


Staff Coordination 


In regard to the Technical Development Program which, 
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I believe, now becomes the principal business of the A.F.A., 
I feel it is important that the Director of this Program be 
convinced that the functions of T.D.P. constitute the principal 
objectives of A.F.A., and that complete coordination must be 
maintained between the activities of T.D.P. and the execu- 
tive head and staff of the National Office. 

With this in mind I recommend that a daily conference be 
held at the National Office presided over by the Secretary, 
and that in attendance there should be those charged with 
advertising, publications, editorials, general office procedure, 
['.D.P. and any other important functions that may exist. | 
believe such meetings should be limited to ten or fifteen min 
utes for the purpose of bringing out immediately any ques- 
tions that may involve any of the several departments and 
with the expectation that such short conferences would help 
in disposing of matters of general, interest with expedition 
and efficiency. 

I recommend that a weekly conference of the same char- 
acter be held for a longer period, perhaps one or two hours 
as may be necessary under the circumstances. Such confer- 
ences have been found by industry to be invaluable in elimi- 
nating duplication of effort and misunderstanding of minor 
details, and I believe such conferences, if limited in time and 
if properly directed, can be very useful to our National Office 
Staff 


Retirement Plans 

Events of the past year have convinced me that there is a 
need in our Association for some definite retirement plan 
for staff members to look forward to and to be guaranteed 
by long-range financing. It is but natural for all employees 

for professionai assistants or executives who are desired as 
permanent members of the A.F.A. Staff—to give consideration 
to what the long-term future holds for them as the years 
go by, and I believe it would be wise for our Association to 
formulate a plan which should be financed by the Association 


Personnel Employment 

I believe it might be wise for the Board to place a salary 
limit on persons who may be employed by the Secretary of 
the Association without securing the approval of the Finance 
Committee. I suggest this for the comfort and protection of 
the Secretary himself and in order that his actions in such 
matters may at all times be entirely free from possible criti- 
cism. The salary limit might be $3,000 or $4,000 or higher, 
depending, of course, upon changing circumstances. However, 
in any event, it should be made plain that the employment 
of all personnel, with the exception of those elected by the 
Board, is solely a responsibility of the Secretary. 


Business Methods 
I recommend that a detailed study be made of the 
ness methods employed in the National Office, with a view 
to more efficient servicing of our greatly expanded member- 
ship. I believe this has already been considered, but I feel 
that every effort should be made to follow through without 
delay. 


busi 


T.D.P. Solicitation 

In the matter of solicitations for T.D.P. financing, there 
been some critical comments from some of those solicited 
is to be expected, as no worthwhile accomplishment is 
ever concluded without opposition. I believe, however, w: 
have now reached the end of any solicitation campaigning by 
letter to the general membership. There remain many mem 
bers, who if we could reach the right people, might become 
generous subscribers. 
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PRESIDENTS RECOMMENDATIONS 


Trade Association Relations 

I wish to revert to the recommendation made by Duncan 
Forbes to the effect that we should consider definite ways of 
attracting the executives of foundry trade associations and 
also, perhaps, F.E.M.A. and Supply Dealers’ Association to 
more active participation in the affairs of A.F.A. I am thor- 
oughly in agreement with this suggestion and am sorry that 
more progress toward it has not been made during my ad- 


ministration. 


New Chapters 

Our National Headquarters, and especially Bob Kennedy, 
have had a record year in Chapter expansion, for which they 
deserve congratulations. It is, however, probable that few 
logical locations remain for new Chapters according to our 
present standards. In my opinion we should give recon- 
sideration frequently as a Board, to the conditions under 
which a Chapter may be admitted, taking into account loca- 
tion, potential membership, influence on neighboring Chap- 
ters in the matter of adversely affecting their membership, 
and, of course, probability of survival as a going institution. 

I have in mind at the moment a situation in one area 
where a large and strong Chapter quite naturally desires to 
hold its membership to a certain maximum figure for very 
legitimate reasons of efficient administration. It is important 
that in such a situation we give consideration to groups who 
may be desirous of Chapter affiliation but because of distance 
or large membership in the nearest Chapters find it imprac- 
ticable to affiliate themselves or to participate in Chapter 
activities. Possibly working out a branch group similar to one 
under the administration of the mother Chapter would be the 
answer, at least temporarily. 

I do feel that Chapter influence is so great a constructive 
force in strengthening the A.F.A. in its general objectives 
that careful consideration should be given frequently to the 
possibility of new Chapters or separate groups affiliated with 
an existing Chapter in order that the advantages of Chapter 
membership may be as broadly distributed as possible. I feel 
too that in certain distant areas it may be desirable to change 
our ideas as to the minimum number of members that might 
be required for the formation of a Chapter. 


Membership Work 


Many opinions, recently, have been expressed as to possible 
losses of memberships in the Association with the end of the 
war and perhaps to some extent due to the increase in dues 
recently approved, and I grant that these circumstances will 
contribute toward reduction in membership in the Associa- 
tion. On the other hand, I am convinced that the increase 
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in membership in the Association since the inception of ou: 
chapter organizations will continue if our chapter structure 
continues healthy and properly coordinated with the Na 
tional Office and if we effectively carry out our functions, 
including T.D.P. development, and gradual improvement 
of THe AMERICAN FOUNDRYMAN as we _ have 
ourselves and our members 


promised 


I believe that if those things are done, nothing can stop 
the growth of the membership of A.F.A. to a substantially 
larger number than our present membership. I believe that a 
continuing, well considered campaign should be made for 
memberships from the many foundries, many of them small, 
who are not and perhaps never have been members. I believe 
there are ways to reach these people. Of course, not all of 
them, but many. 

The objective, as I see it, from the purely business stand 
point is aot primarily for the benefit of their dues, but the 
prestige of a Jarger membership which would enhance th: 
value of THe AMERICAN FOUNDRYMAN as an _ advertis 
ing medium, and more important than all other considera- 
tions, the acceptance of the services offered by A.F.A. by 
a larger number of foundries for the benefit of the foundry 
industry in general. 

It is trite, of course, for me to repeat our well known ob- 
jectives as an Association, but I believe that a thorough job 
of continuing effort will result in the acquisition of many 
more members. Don Reese recently said he couldn’t under- 
stand why the A.F.A. didn’t have 15,000 to 20,000 members, 
and I agree with him to the extent that I believe we should 
have that many within a few years’ time by concentrating 
on the programs which have already been initiated and by 
proper campaigning for new members 


Use of T.D.P. Funds 


I consider the financial outlook of the Association excellent 
I wish, however, to record my thought that we should defi- 
nitely make sure that money which we acquire through con 
tributions to T.D.P. or otherwise is used for the purposes 
intended beyond any reasonable question. 

I wish to thank the members of the Board and the Execu 
tive Committee who have given much valuable time to the 
Association work. I have enjoyed the experience of my asso- 
ciation with you more than I can say and the year, which 
looked quite long a year ago, has really been very short 
from my standpoint. 

Very sincerely yours, 
Ratpu J. Teeror, President, 
AMERICAN FOUNDRYMEN’S ASSOCIATION 











Report of "American Foundryman" Policy Committee 


Presented at Annual Meeting of Board of Directors 
Chicago, July 11-12, 1944 


Soca is a report of the AMERICAN FOUNDRYMAN Policy 
Committee for the Association year just ending. In making 
the report, the committee is cognizant of the fact that th 
manpower situation in the National Office is similar to that 
which exists throughout industry generally and consequently 
instead of criticising the staff for anything they may or may 
not have done, it would compliment Messrs. Hindle and 


Maloney for the excellent job which they, under the guidance 


of the National Oficers, have done under such trying circum- 
stances in carrying on the publication of the magazine. The 
report, therefore, merely reviews the existing situation and 


ofters some suggestions for the possible betterment of the paper, 
which the staff and the incoming administration may 
consider 

Uhe the 
torial technical news, chapter activities and abstracts sections, 
needs of the Asso- 


wish to 


scope of AMERICAN FOUNDRYMAN with its edi- 


is considered adequate to meet the present 


ciation’s members. Later, a research section may become de- 
sirable 

(he editorial page provides the medium through which 
the National officers and chairmen of the major committees 


may present their views in a direct and personal way to the 
membership at large 

Technical Section 
news section is the channel through which 
passed on to the worker in the 
of the 


The technical 
practical information may be 
foundry A large and 
ship now consists of hourly workers, foremen and others whose 
others doing 


increasing percentage member- 


facility for securing information as to what are 


is somewhat limited, and it is to this group that the technical 
news section probably has its greatest appeal. To maintain 
the greatest service, 


and 


their interest, and at the same time render 


published must be practical in nature easily 


the irticles 
re ad 


Chapter Activities 


section is intended to keep the 
members the other chapters are doing 
While the section is interesting as now edited, it is believed 
that the major emphasis should be placed on abstracting the 
tecknical talks given at the meetings rather than on recording 
the social activities. To facilitate the such 
each chapter should be requested to appoint a reporte: 
information 


(he chapter acwivities 


advised as to what 


procurement of 
news, 
such 


editors may look for 


Technical Abstracts 


unquestionably worthwhile and should 


to whom the 


abstracts are 
Further, when the personnel is available, they 


Che 
be continued 
might be augmented each month by a comprehensive, corre- 
lated abstract covering some phase of foundry activity such as 
precision castings, the substitution of plastics for metal cast- 
ings, ladle inoculations, etc. Later, when the research activi- 
ties are more effectively under way, the writing of such articles 
should be practical 

Advertising 

Finally, the question of advertising 
of its existence the AMERICAN FOUNDRYMAN Carried 
tising. The reasons given were: first, the foundry supply men, 
upon whom the magazine would have to depend for advertise- 
were contributing substantially to the Association’s 
through the exhibitions, and should 
second, such a move would put the magazine 


for the first five years 
no adver- 


ments, 
activities hence not be 
asked for more; 
in competition with existing trade journals which, editorially, 
had loyally supported the Association through the years, and, 
finally, there were not a sufficient number of suppliers to ef- 
fectively draw 


The 


exist 


upon 
validity of these arguments, of course, has ceased to 
The AMERICAN FouNDRYMAN is probably the only pub- 
lication which the average foundry worker receives directly 
through the mail and hence it is the one in which he has the 
most interest. The trade journals in many cases are not avail- 
able and, in any event, he probably does not have an oppor- 
tunity to take them home for study as he would his own paper 
With our constantly increasing membership, many of whom 
are not reached in any other way, advertising in the AMERICAN 


XX 


FOUNDRYMAN represents an investment rather than a con- 
tribution 
In entering the field of advertising the American Foun 


drymen’s Association is simply following the lead of the Ameri- 
can Society for Metals and the an Society for Testing 
Materials. Both of the latte: have profited by the 
activity and it is doubtful if either the Jron Age or Steel, for 
instance, has suffered through this competition. With the in- 
creasing use of heat treatment in the processing of both ferrous 
and non-ferrous castings and the more exacting customer speci- 
fications requiring more elaborate test facilities, the number 
of suppliers contacting the foundries have considerably broad 
ened the field the AMERICAN Foun- 
DRYMAN may draw is now quite large 


Pre-Convention Issue 


Ameri 


societies 


which 


and hence upon 


I'wo years ago Mr. Hoyt, realizing that the former argu 
ments were more or less obsoleted, decided to accept advertise- 
ments in the pre-convention issue. This turned out to be a de- 
cided Entirely through the efforts of the National 
Office, some 162 pages of advertising were secured at a net 
income of $25,332.70. The cost of producing the issue was 
$12,525.82, leaving a surplus of $12,806.88, which was ade- 
quate to cover the cost of the publication for the remaining 
months. The AMERICAN FouNDRYMAN thus, for the 
year, ceased to be a financial liability. 

he logical question then was, if so much money 
carrying advertise- 


success 


eleven 


can b 
made on one issue, why not make more by 
ments in all issues? The answer, of course, involves more than 
simple multiplication 
buildup which other issues lack. If 
tively carried in all then all must 
attractiveness. ‘This involves additional 
torial and part soliciting and regulating advertising. 

he policy committee asked the National Office to inves- 
tigate the prebable cost of carrying out such a program and 
the profits which might be realized therefrom. This they late: 
agreed to do but at the same time they pointed out that the 
information would probably be of little immediate since 
paper was not available for such an activity without either re- 
ducing the editorial matter, both of which would be unde- 
sirable. Because of the War Production Board’s regulations, 
difficulty was experienced in obtaining enough paper for the 
advertising section of the pre-convention issue 

Appreciating both the impracticability of 
action in starting an advertising program and the shortage of 
manpower in the office, the committee withdrew its request 
and the analysis was not made. The Board, however, approved 
the carrying of advertisements in the pre-convention issue this 
year, as paper could be made available for a repeat activity, 
and again the results were highly satisfactory, Some 144 pages 
of advertising were secured with a net income of approximately 
$25,000 and at an overall cost of approximately $10,000. 

It would again appear that the surplus will be sufficient to 
cover the publication for another year. The pre-convention 
issue should be continued but, in addition, the committee rec- 
ommends that when paper and manpower appear available, 
full consideration be given to the question of expanding th« 
advertising activities. 

Committee Personnel 

The present committee believes that the number of mem- 
bers of the Policy Committee should be increased to include 
possibly a half dozen representatives from the Association 
membership. These individuals, along with the three directors, 
would, as in the past, act as an advisory board to the editorial 
staff. The non-director members might hold office for a period 
of say two years with rotation so that two replacements would 
be appointed each year. It is believed that the enlargement of 
the personnel would provide a broader viewpoint editoriall) 
and would tend to develop closer contact with the variou 


chapters. 


The pre-convention issue has natural 
advertising is to be effec- 
be of similar quality and 
personnel, part edi- 


use 


any immediate 


Respectfully submitted, 
R. J. ALLEN, Chairman 
I. R. WAGNER 
S. V. Woop 
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Ist Annual Chapter Chairman Conference 
Palmer House, Chicago—August 26, 1944 


PROGRAM 


ASSEMBLY AND GET-ACQUAINTED 


MoRNING PROGRAM 


10:00 AM 
10:30 AM 
Welcome to Chapter Chairmen 

History and Organization of A.F.A 


Outline of the origin, development and aims of A.F.A 


( hapter Contacts. 
The function of the Chapter 
the value of chapter thinking in the 


Contact Committee and 

framing of Asso- 
ciation policies 

Technical Committee W ork 
How the more than 100 technical committees and sub- 
committees of A.F.A Recent and forthcoming 
\.F.A. literature 

Chapter Program Building 


operate 


serve the membership. The 
thankless job? How the Na- 
the “Speakers’ Bureau.” 


Building a 

Program Chairman—a 

tional Office may be of help 
Regional Me etings. 

Organizing the successful Regional meeting 
Inter-chapter cooperation 


program to 


Prospects 
for future meetings. 
Educational Courses 
When is a chapter-sponsored educational course a sound 
What is its value ?—the 
How is one financed? 


undertaking? purpose ?—its 


possibility for support? 
Apprentice and Student Activities. 

What A.F.A. has done to encourage foundry apprentice 

training and student interest. Local and National ap- 
future of apprentice training in 
returned veterans 


prentice contests. The 
foundries. The problem of 


1:00 PM LuNCHEON. 


2:30 PM AFTERNOON ProGRAM 
Cooperation with Engineering Schools and Colleges 
Raising the standard of foundry personnel. Interesting 
the engineering school instructor 


Management Committee 


What chapters can do to obtain the active backing of 
Management 

Youth Encouragement Committee 
Methods of interesting vouth in foundry work as a 


caree! Overcoming prejudice of school teachers 


Review of Chapter Manual 
Bringing the present manual up-to-date 
Chapter Membership Work 
Present trends in membership 
Guidance and direction of 


Desirable ratios of Com 
pany to Personal members 
Membership Committees by Chapter Chairmen 

Technical Development Program 

organization and work— its present scope 

its importance to A.F.A 


Its purpose, 
and future possibilities mem 


bers and the industry in general 


“The Shakeout.” 


How can the National Office be of greater service to 


your Chapter? 


$:30 PM ApjOURNMENT OF PROGRAM 


6:00 PM DINNER 
Speaker Dr. Ralph Lee, Personnel, General Motors 
Corp., Detroit 


Subject Morale and a Pride of In- 


“Building Plant 
dustry.’ 


Adjournment 


ATTENDANCE 


National President R. J. Teetor—President, Cadillac Malleable 
Iron Co., Cadillac, Mich 

National Vice-President F. J. Walls—Research Development 
Engineer, Intertiational Nickel Co., Detroit 

National Director and Chairman, Chapter Contacts Committee 
I. R. Wagner—President, Electric Stee] Castings Co., Indian- 
apolis, Ind. 

National Director W. B. Wallis 
melt Furnace Corp., Pittsburgh. 

National Director S. V. Wood—President and Manager, Min- 
neapolis Electric Steel Castings Co., Minneapolis. 

Speaker, Ralph Lee—Personnel, General Motors Corp., 
Detroit 

Guest Speaker, Fred G. Sefing 
national Nickel Co., New York 

Guest Speaker, Frank G. Steinebach 
Cleveland. 

Chapter Officers 

BiRMINGHAM—Secretary-T reasurer Fred K. Brown 
Adams, Rowe & Norman, Inc., Birmingham, Ala. 

Canton—-Chairman R. F. Schmidt—Chief Metallurgist, United 
Engineering & Foundry Co., Canton, Ohio. 

CENTRAL INDIANA—Chairman H. H. Lurie 
ist, Cummins Engine Co., Columbus, Ind. 

CHESAPEAKE—Chairman H. A. Horner—Mcetallurgist, Frick 
Co., Waynesboro, Pa. 

Cuicaco—Chairman A. S. Klopf 
Sales Co., Chicago. 

CINCINNATI—Chairman W. A. Rengering—Foundry Superin- 
tendent, Cincinnati Milling Machine Co., Cincinnati. 

Detroit—Chairman R. G. McElwee—Cast Iron Consultant, 
Vanadium Corp. of America, Detroit. 

EASTERN CANADA & NEWFOUNDLAND Vice-Chairman G. 
Ewing Tait—Assistant Manager, Roll Foundry Dept., Do- 
minion Engineering Works, Lachine, P. Q. 

METROPOLITAN—Fred G. Sefing, International 
New York. 

MicHiANa—Chairman V. C. Bruce 
ucts Co., Elkhart, Ind. 

NORTHEASTERN On1o—President R. F. Lincoln 


President, Pittsburgh Lectro- 


Guest 
Research Metallurgist, Inter- 


Editor, The Foundry, 


Salesman, 


Chief Metallurg- 


Representative, Firegan 


Nickel Co., 
Salesman, Buckeye Prod- 


President, R. 


xxi 


F. Lincoln & Co., Cleveland 
NORTHERN CALIFORNIA—-President R. ( 
Francisco Iron Foundry, San Francisco 
NorTHERN ILLInots & SOUTHERN WISCONSIN 
W. Mattison—Vice-President, Mattison Machine 
Rockford, Ill. 
Ontario—Chairman R I 
Superintendent, International 
Hamilton, Ontario 
PHILADELPHIA—-Vice-Chairman J. M. Robb, Jr.—Sales Rep- 
resentative, Hickman, Williams & Co., Philadelphia 


Noah— Manager, San 
Chairman R 
Works, 
Robertson—Malleable Foundry 


Harvester Co. of Canada, 


Quap Criry—Chairman R. E. Wilke—Testing & Research 
Laboratories, Deere & Co., Moline, Ill 
Rocuester—President H. B. Hanley—Superintendent, Ameri 


Rochester, N. Y 
CuHuaprer—Secretary H. G 
Buick Motors Div., General 


can Laundry Machinery Co., 
SAGINAW SECTION oF Detroit 
McMurry—Cupola Foreman, 
Motors Corp., Flint, Mich 
St. Louts—Chairman E. E. Ballard 
Bearing Metals Co., St. Louis 
SOUTHERN CALIFORNIA—-President W. D. Bailey, Jr 
Manager, Westlectric Castings, Inc., Los Angeles, Calif 
Texas—Chairman F. M. Wittlinger—Sccretary, Texas Electric 
Steel Casting Co., Houston, Texas 
ToL_epo—Chairman Leighton M. Long 
Leighton M. Long & Associates, Toledo, Ohio 
Twin Crry—Chairman A. M. Fulton, Jr.—Vice-President, 
Northern Malleable Iron Co., St. Paul, Minn 
WESTERN MicuiGan—Chairman J. L. Brooks 
Muskegon Piston Ring Co., Sparta, Mich. 
WeEsTERN New York—Chairman R. D. Loesch 
Lake Erie Foundry Co., Buffalo, N. Y 
Wisconstn—President H. E. Ladwig—Assistant General Su- 
perintendent, Allis-Chalmers Mfg. Co., Milwaukee 
A.F.A. Headquarters Staff 
Secretary—R. E. Kennedy. 
Director, Technical Development Program 
Assistant Treasurer—Jennie Reininga. 
Business Manager—-Wm. W. Maloney. 
Staff Assistant—Leonard Larsen. 


Plant Engineer, National 


Sales 


Consulting Engineer, 


Metallurgist, 


Treasure r, 


N. F. Hindle 





Tuesday, July 17 


10:00 AM ASssEMBLY AND GETTING ACQUAINTED. 


10:30 AM Mornino Procram. 
Welcome to Chapter Chairmen. 


Introductions. 
History and Organization of A.F.A. 
A brief background of A.F.A. and its origin, aims and 
nearly half a century of experience. 
The 1945 Year-’Round Foundry Congress. 
How A.F.A. service is being carried on in spite of 
cancellation of the 1945 Convention. The place of 
AMERICAN FOUNDRYMAN as a medium of information. 
Chapter Program Building. 
Building a program to serve the members. Why an 
advance program? Pleasing a diversified group. Aims 
of the Program Committee. Chapter experience with 
successful types of programs. 
Chapter Organization and Operation. 
Requirements for new Chapters. Nomination and elec- 
tion procedures. Rotation of Officers and Directors. 
A.F.A. and the Foundry Trade Associations. 
The fundamental objects of A.F.A. General functions 
of A.F.A. as a technical society. The field of the sev- 
eral foundry trade associations. 





Conventions and Exhibits. 
Selection of a convention city. 
Foundry Congress and Exhibit. 

1:00 PM LuNCHEON. 
2:30 PM AFTERNOON ProGRAM. 

The Chapters and the National Picture. 

The importance of Chapters to A.F.A. work. Influence 
of National aims on local activities. 

Youth Encouragement Committee. 

Purpose of the Youth Encouragement 
Methods of interesting youth in foundry work. 
operation with vocational guidance bodies. 

Apprentice Training and Student Activities. 

What A.F.A. is doing to encourage foundry apprentice 
training and student interest. Local and national con- 
tests. What Chapters can do to promote interest by 
trade school executives, 


The 50th Anniversary 


Committee. 
Co- 


Educational Courses. 
Advantage of a Chapter-sponsored educational course. 
Possibilities for support. How the National Office can 


help. 


2nd Annual Chapter Chairman Conference 
Palmer House, Chicago—July 17 and 18, 1945 


PROGRAM 


Cooperation with Engineering Schools and Colleges. 
The need for trained engineering personnel. What the 
schools want from the foundrymen. Trends in engineer- 
ing education. Scholarships and research projects. 


Management Committee. 
Combating harmful publicity. Building a pride of in- 
dustry. Getting the support of foundry management. 


Technical Committee Work, 
How the A.F.A. Committees operate. The importance 
of “new blood.’ Distribution of A.F.A. literature. The 
A.F.A. foundry library. Recent and forthcoming liter- 


ature. 
t:45 PM ADJOURNMENT OF PROGRAM. 
6:30 PM DINNER FoR CHAPTER CHAIRMEN. 


Guest Speaker: Dr. Ralph L. Lee, Personnel, General 
Motors Corp., Detroit. 
Subject: “Leadership.” 


Wednesday, July 18 


9:30 AM ASSEMBLY. 

Technical Development Program. 
The purpose, organization, and work of the Technical 
Development Program of A.F.A. Its accomplishments 
during the past year. Support by the industry. 

A.F.A. Financing. 
Division of the A.F.A. dollar. 
come. 

New Dues Structure. 
A brief review of the membership structure and _ its 
development. Importance of the Secretary and Treas- 
urer in handling dues. The fiscal year and the “mem- 
ber year” . . . present practice. 

Chapter Financing. 
Some principles of successful Chapter financing. Old 
and new policy on Chapter refunds. Accumulation of 
Chapter reserves. 

Membership Work. 
The A.F.A. membership curve. Present trends in mem- 
bership. Relationship between various classes of mem- 
bership. The membership “campaign.” The National 
Membership Committee. 


Sources of National in- 


Announcements. 
12:00 NOON ApjouRNMENT OF CONFERENCE. 
12:00 NOON Joint LuNCHEON. 
Chapter Chairmen and the National Board of Directors. 


ATTENDANCE 


National President R. J. Teetor—President, Cadillac Malleable 
Iron Co., Cadillac, Mich. 

National Vice-President F. J. Walls—Metallurgist, Interna- 
tional Nickel Co., Detroit. 

National Director and Chairman of Chapter Contacts Com- 
mittee S. V. Wood—President and Manager, Minneapolis 
Electric Steel Castings Co., Minneapolis. 

National Director Harry Reitinger—Senior Industrial Engi- 
neer, Emerson Engineers, New York. 

National Director Ralph T. Rycroft—President, Jewell Alloy 
& Malleable Co., Buffalo, N. Y. 

National Director I. R. Wagner—President, Electric Stee] Cast- 
ings Co., Indianapolis. 

National Director W. B. Wallis 
melt Furnace Corp., Pittsburgh. 

National Director L. C. Wilson—General Manager, Reading 
Steel Casting Div., American Chain & Cable Co., Inc., 
Reading, Pa. 

Guest Speaker, Ralph L. Lee—Department of Public Relations, 
General Motors Corp., Detroit. 

Guest, Fred G. Sefing—Research Metallurgist, International 
Nickel Co., New York. 


President, Pittsburgh Lectro- 


xxii 


Guest, Frank G. Steinebach—Editor, The Foundry, Cleveland. 


Guest, J. W. Wheeler—Consultant to Reynolds Metals Co., 
Springfield, Mass. 


Guest, C. W. Wade—Training Supervisor, Foundry Div., Cater- 
pillar Tractor Co., Peoria, Ill. 





Chapter Officers 
BirMINGHAM—Chairman J. A. Woody—Assistant Works Man- 
ager, American Cast Iron Pipe Co., Birmingham, Ala. 
Canton—Chairman H. G. Robertson—Assistar.t Works Man- 
ager, American Steel Foundries, Alliance, Ohio. 

CentTrRAL INnpIANA—Chairman Ray S, Davis—Manager, Na- 
tional Malleable & Steel Castings Co., Indianapolis, Ind. 
CentraL New Yorx—Chairman E. G. White—Plant Engi- 

neer, Crouse-Hinds Co., Syracuse, N. Y. 
CenTRAL Oun1o—Chairman T. E. Barlow—Metallurgist, Bat- 
telle Memorial Institute, Columbus, Ohio. 





CHESAPEAKE—Chairman Howard F. Taylor —— Metallurgist, 


Naval Research Laboratory, Anacostia, Washington, D. C. 


Secretary-Treasurer L. H. Denton — Manager, Baltimore 


Convention Bureau, Baltimore, Md. 
Cuicaco—E. R. Young—Climax Molybdenum Co., Chicago 
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Crncinnati—Chairman A. W. Schneble—Secretary-Treasurer, 


The Advance Foundry Co., Dayton, Ohio 
Detrroir—Chairman E. C. Heenicke—Assistant to General 

Manager, Eaton Mfg. Co., Detroit 
EASTERN CANADA AND NEWFOUNDLAND— Vice-Chairman Henri 
Assistant Supt., Warden King, Ltd., Montreal, 


Louctte 
Que bec 
MeTROPOLITAN—Chairman Horace A. Deane 
ager, American Brake Shoe Co., New York. 
MicH!tANa—Chairman W. V. Johnson—Superintendent of Pat- 
tern Div., Oliver Farm Equipment Co., South Bend, Ind 

Secretary-T reasurer V. S. Spears—Sales Engineer, American 
Foundry Equipment Co., Mishawaka, Ind. 
NORTHEASTERN Onto—President A. C. Denison 
Fulton Foundry & Machine Co. Inc., Cleveland 
NorTHERN CALrIFoRNIA—-President Chas. Hoehn, Jr.—Man- 
ager, Foundry Div., Enterprise Engine & Foundry Co., San 


Works Man- 


President, 


Francisco 
NorRTHERN ILiino1is AND SOUTHEKN WISCONSIN 
John R. Cochran—Metallurgist, Sundstrand Machine Tool 


Co., Rockford, Il. 
NORTHWESTERN PENNSYLVANIA—Chairman R. W. Griswold, 
Jr.— Foundry Superintendent, Griswold Mfg. Co., Erie, Pa. 
Ontario—Chairman T. D. Barnes—Don Barnes Foundry Sup- 
plies & Equipment, Hamilton, Ontario. 
Orecon—Chairman W. R. .Pindell—Manager, 
Foundry & Furnace Works, Inc., Portland, Ore. 
PHILADELPHIA—Chairman John M. Robb, Jr.—Resident Man- 
ager, Hickman, Williams & Co., Philadelphia 


Chairman 


Northwest 


Quap City 
cago Retort & Fire Brick Co., Davenport, Iowa. 

RocHEesTER—President Walter F. Morton 
Anstice Co., Inc., Rochester, N. Y. 


Chairman C. E. VonLuhrte—Sales Engineer, Chi- 


Metallurgist, The 
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SAGINAW VALLEY Chairman H. G. McMurry Foundry 


Metallurgist, Buick Motor Div., General Motors Corp., Flint, 
Mich 

St. Lourts——Chairman Walter E. Illig 
Iron Works, St. Louis 

SouTHERN Ca.irornia—President R. R. Haley 
vance Aluminum & Brass Co., Los Angeles 

T'exas—Chairman E. P. Trout—Assistant to President, Lufkin 
Foundry & Machine Co., Lufkin, Texas 

loLtepo—Chairman N. P. Mahoney— Superintendent, Maumee 
Malleable Castings Co., Toledo, Ohio 
Secretary-Treasurer Gerald R. Rusk Salesman, Freeman 
Supply Co., Toledo 
Director Charles F. Carson—-Foundry Superintendent, Na 
tional Supply Co. of Delaware, Toledo 

win Crry—Chairman R. C. Wood—vVice-President, Minn 
apolis Electric Steel Castings Co., Minneapolis 

WeEsTERN MicnHiGan—Chairman J. Wesley Lee—vVice-Presi 
dent, Challenge Machinery Co., Grand Rapids, Mich. 

Western New Yorxk—Chairman Arthur H. Suckow—Metal 
lurgist, Symington-Gould Corp., Depew, N. Y. 

Wisconsin—President John Bing—District Manager, A. P 
Green Fire Brick Co., Milwaukee 
Director R. C. Woodward 
Wis 


Vice-President, Banner 


Owner, Ad 


A.F.A Headquarters Staff 
Secretary R. E. Kennedy 
Treasurer C. E. Hoyt 
Director, Technical Development Program, N. F¥ 
Business Manager Wm. W. Maloney 
Assistant Treasurer Jennie Reininga 
Assistant Editor Gerald R. Buhler 


Hindle 


Bucyrus-Erie Co., S. Milwaukee, 
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Minutes of the First Meeting, 1944-45 Board of Directors 


Palmer House, Chicago, Ill. 


1. Presiding: R. J. Teetor 
Present: President R. J. Teetor 
Vice-President F. J. Wails 
Immediate Past President L. C. Wilson 
Directors: J. E. Crown 
H. S. Simpson 
I. R. Wagner 
Walton L. Woody 
Roy M. Jacobs 
Max Kuniansky 
W. B. Wallis 
S. D. Russell 
R. T. Rycroft 
Joseph Sully 
Past Directors: R. J. Allen 
J. G. Coffman 
Vaughan Reid 
Secretary R. E. Kennedy 
Treasurer C. E. Hoyt 
Assistant Secretary N. F. Hindle 
Assistant Secretary W. W. Maloney 
Assistant Treasurer J. Reininga 
Absent: D. P. Forbes, F. J. Dost, S. V. Wood, Harry 


Reitinger 


2. President Teetor upon calling the meeting to order, expressed 
his appreciation to retiring President Wilson for his helpfulness 
and cooperation, and also his regret at the loss of the five 
retiring members of the Board, R. J. Allen, J. G. Coffman, 
M. J. Gregory, Vaughan Reid, and L. N. Shannon. 


3. Appointment of Nominating Committee 

President Teetor appointed a Nominating Committee con- 
sisting of H. S. Simpson, S. D. Russell and J. E. Crown, to 
present the names of four directors to be elected to the Execu- 
tive Committee for the coming year, and to place in nomina- 
tion names for election of Secretary and Treasurer. Director 
Simpson, as Chairman of the Nominating Committee, presented 
the following names to be elected to the Executive Committee 
for 1944-45, and on motion, seconded and carried, they were 
accepted as members of the Executive Committee for the com- 


ing year: 


I. R. Wagner 
S. V. Wood 

L. C. Wilson 
W. B. Wallis 


+. Appointment of Standing and Special Committees 

A blanket resolution, authorizing the President to appoint 
all standing and special committees of the Association, was on 
motion, seconded, and unanimously carried. 

Following this motion, President Teetor announced that 
the National Membership Committee would be headed by Vice 
President Fred J. Walls, with the chairmen of all the chapter 
membership committees serving as members. He further ap- 
pointed as members of the Board committees, Director Wagner 
as Chairman of the Chapter Contacts Committee, with Direc- 
tors Reitinger, Russell, Wallis and Sully serving with him as 
members, Director D. P. Forbes as Chairman of the AMERICAN 
FouNpDRYMAN Policy Committee, and Director Max Kuniansky 
as Chairman of the Technical Activities Correlation Commit- 


tee. 
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July I! and 12, 1944 


President Teetor then announced the following appoint 


ments to standing Board committees: 
Chapter Contacts Committee: 
I. R. Wagner, Chairman 
J. Sully 
H. Reitinger 
S. D. Russell 
W. B. Wallis 
R. T. Rycroft 


ph Ace! cay 9 


Youth Encouragement Committee: 
F. J. Walls, Chairman - 
George K. Dreher = | 
A. S. Klopf 


AMERICAN FOUNDRYMAN Policy Committee: 


D. P. Forbes, Chairman 

F. J. Dost : 
I. R. Wagner 

R. J. Allen (Past Board Member) 


Management Committee: 
S. V. Wood, Chairman 
S. D. Russell ; 
F. J. Walls 3 
L. C. Wilson o 
R. M. Jacobs % 


Technical Activities Correlation Committee: 
Max Kuniansky, Chairman 
J. E. Crown 
D. P. Forbes 
H. Bornstein (Past President ) 


5. Discussion of Letter to Engineerine Schools a 
President Teetor discussed at some length the letter that 
had been sent out from the national office over his signatur: ia 


to about 800 deans of engineering schools, together with a copy ‘ 
of N. F. Hindle’s paper presented before the Society for Pro- 


motion of Engineering Education, asking for their guidance in Ae 
stimulating interest among both the faculty and students in 
universities in the problems of the foundry industry. He re- §& 
ported that the responses received had been far greater than §& 
anticipated, and that although the Committee on Co-operatior i. 
with Engineering Schools had laid valuable groundwork, ther: 3 
was still a great deal of work to be done in this field. Assistant a 
Secretary Hindle explained how this would receive prope! mi 
coverage under the Technical Development Program, and dé z 
scribed in great detail the educational activities plan and th € 


functions of the different committees. 


6. 1944-45 Board Reconvenes 

On reconvening after recessing the meeting, President 
Teetor opened the meeting by welcoming General T. S. Han 
mond, past president of the A.F.A. and a member of the Ad 
visory Committee, who gave a short talk on the splendid wor 
that has been done by the foundry industry in this war eme! 


gency. 


7. Election of Staff Officers. 

The first business to be acted upon was the election 
officers, and Director Simpson, as Chairman of the Nominatin 
Committee, placed in nomination the names of the followin 
to be elected to hold office for the following year: 
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Secretary, R. E. Kennedy 

Treasurer, C. E. Hoyt 

Director of Technical Development Program, N. F. 

Hindle 

Business Manager, W. W. Maloney 

Assistant Treasurer and Office Manager, J. Reininga 
On motion, seconded and carried, these officers were 

declared elected. 


8. Fixing of Salaries and Compensations 


At this time, the salaried officers were invited to retire 
from the meeting while Past President L. C. Wilson, Chairman 
of the Finance Committee, presented recommendations for sal- 


aries of these paid officers. The recommendations of the 


Finance Committee as to the salaries for the paid officers were 
unanimously approved. 


9. Approval of Resolutions 


The following resolutions were presented, and on motion 
duly seconded, unanimously approved. 


“RESOLVED that resolutions required by the Harris 
Trust and Savings Bank of Chicago authorizing with- 
drawal of funds are hereby approved and the Secre- 
tary authorized to certify thereto. 


“RESOLVED that checks for withdrawal of funds 
deposited in the name of the Association and with- 
drawal of all securities in the Awards Fund and in 
the sinking funds of the Department of Exhibits of 
the American Foundrymen’s Association held by the 
Trust Department of the Harris Trust and Savings 
Bank, and the withdrawal of all interest savings 
accounts of the Association, shall require the signa- 
tures of any two of the following officers: President, 
Vice President, Secretary, Treasurer, or Assistant 
Treasurer. 

“BE IT FURTHER RESOLVED that the Board of 
Directors authorize a Treasurer's Expense Account 
of one thousand dollars ($1,000.00), said account to 
be reconciled at the end of each month by full state- 
ment of expenditures; withdrawal checks to be signed 
by the Secretary, Treasurer, or Assistant Treasurer. 


“RESOLVED that the Secretary be authorized to 
rent a safety box at the Harris Trust and Savings 
Bank of Chicago for the safekeeping of Association 
securities and that any two of the following officers, 
President, Vice President, Secretary, Treasurer, or 
Assistant Treasurer have authority to obtain access to 


this box. 


“RESOLVED that the Secretary and Treasurer be 
authorized to reimburse travelling expenses for mem- 
bers in attendance at any regularly called Board ef 
Directors’ or committee meeting with the following 
exceptions: No expenses shall be paid to Directors 
or committee members for attendance at meetings 
held during the week of the annual convention of the 
Association unless specifically authorized by the Ex- 
ecutive Committee. When meetings are held in con- 
junction with other committees or associations the 
Secretary and Treasurer or the Executive Committee 
are authorized to determine what portion of the ex- 
pense of attendance at such meetings shall be paid 
by the Association. 


“RESOLVED that the Officers of the Association are 
hereby authorized to open a special checking account 
in the name of the American Foundrymen’s Associa- 
tion in the 1945 convention city, they to determine 
how this account shall be opened and the signatures 
required for the withdrawal of funds. 


“RESOLVED that the present Blanket Position Bond 
be renewed covering the Secretary, Treasurer, and 
Assistant Treasurer for five thousand dollars ($5,- 
000.00), each and all other employees for twenty-five 
hundred dollars ($2,500.00) each, premiums to be 
paid by the Association.” 





10. Technical Development Program Committee 


In accordance with the resolution passed in connection 
with the adoption of the Technical Development Program, 
President Teetor appointed an Advisory Committee consisting 
of three (3) Board members, namely, S. V. Wood, Chairman; 
Max Kuniansky, and Walton Woody, the additional members 
of the committee representing the management, technical and 
operating phases of the branches of the industry to be ap- 
pointed at a later date 
The following members of the Association were appointed 
to complete the Adyisory Committee of the Technical Devel- 
opment Program: 
S. V. Wood, Chairman 
Walton Woody, Vice-Chairman 
Max Kuniansky, General Manager, Lynchburg Foundry 
Co., Lynchburg, Va. 

D. Basch, Consultant, General Electric Co., 
N. Y. (Light Metals) 

Hyman Bornstein, Director of Laboratories, Deere & Co 
Moline, Ill. (Gray Iron and Malleable ) 

G. K. Dreher, Vice-President in Charge of Manufacturing, 
Ampco Metal, Inc., Milwaukee, Wis. (Brass and 
Bronze ) 

J. Freund, Dean of Engineering, University of Detroit, 
Detroit, Mich. (Education) 
James H. Lansing, Consulting Engineer, Malleable Found- 
ers’ Society, Cleveland, Ohio (Malleable 
F. A. Melmoth, Vice-President in Charge of Operations, 

Detroit Steel Castings Co., Detroit, Mich. (Steel) 

H. S. Simpson, Chairman of the Board, National Engineer- 
ing Co., Chicago, Ill. (Equipment) 


Schenectady, 


— 


11. Approval of Budget of Estimated Income and Expense 


Mr. Wilson, as Chairman of the 1944-45 Finance Com- 
mittee, presented for his committee a proposed budget of 
estimated income and expenses for the fiscal year ending June 
30, 1945, stating that the budget for the current year would 
be divided into two parts, the first section covering regular 
activities, and the second section covering special activities, 
including the Technical Development Program. ‘This budget 
was discussed in detail, and on motion, seconded, was approved 
as submitted by the committee. 


Upon recommendation by Chairman Wilson that an 
account in the amount of $25,000.00 be opened in the name 
of the Technical Development Program, the following resolu- 
tion was presented, and on motion duly seconded, unanimously 
approved: 


BE IT’ RESOLVED that the Northern Trust Company 
of Chicago, Illinois, hereby is designated a depositary in 
which funds of this corporation may be deposited, and 
that the Secretary and Treasurer are hereby authorized 
to open a checking account in said bank in the name of 
the Technical Development Program of the American 
Foundrymen’s Association, and deposits in this account 
shall be made from time to time of funds appropriated 
by the Board of Directors or contributed by companies or 
individuals for the support of this special activity, and that 
the Secretary be authorized to execute all bank resolution 
forms required by the Northern Trust Company, for the 
opening of this account. 

BE IT FURTHER RESOLVED, that checks for with- 
drawal of funds in this account shall require the signa- 
tures of any two of the following officers: President, 
Vice-President, Secretary, Treasurer, and Assistant Treas- 
urer. 


12. Dues Structure 


Attention was directed by Mr. Simpson to the fact that 
the income derived from exhibits in the years in which exhibits 
were held often exceeded the receipts from dues income, and 
together with the fact that the service A.F.A. is giving to its 
members far exceeds the amount of dues collected, he recom- 
mended that the dues structure should be changed. After 
much discussion, the Board recommended that the Executive 
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Committee be directed to reinstate action taken at the Board 
of Directors’ meeting on July 19, 1942, toward increasing dues. 


Motion was made by H. S. Simpson that dues should te 
increased, and that a directive be given the Executive Com- 
mittee to work out a proper structure, giving primary con- 
sideration to the raising of Company Memberships to $50.00 
and Sustaining Membership to $100.00. Motion seconded, and 
carried 


13. Management and Youth Encouragement Committees 

Ihe Board approved going ahead with the Management 
Committee and Youth Encouragement Committee, as recom- 
mended by the Technical Activities Correlation Committee, 
and President Teetor appointed S. V. Wood as Chairman of 
the Management Committee, and Fred J. Walls as Chairman 
of the Youth Encouragement Committee. 


14. Heat Transfer Committee 

The Board also approved the Heat Transfer Project, as 
recommended by the Technical Activities Correlation Commit- 
tee, and the appropriation of the necessary funds was referred 
to the Finance Committee. 


15.1945 and 1946 Conventions 

W. W. Maloney reported on the convention city for 1945, 
reviewing conversations held with Chapter Officers and Con- 
vention Bureau representatives at Milwaukee, Detroit, and 
Pittsburgh, with reference to hotel accommodations available 
for an estimated attendance of 3,000, and preliminary con- 
versations with the Stevens Hotel, Chicago. He read a letter 
received from Harry Ladwig, Chairman of the Wisconsin Chap- 
ter, which stated that if Milwaukee was being considered as 
the 1945 Convention City, they must have a decision by August 
Ist, so that if their invitation was not accepted, they could go 
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ahead with their plans for the annual Regional Conference t 
be held in Milwaukee in February. A recommendation w: 
presented that in view of the lack of time, a letter should | 
written to the Wisconsin Chapter thanking them for their i: 
vitation, but stating that, due to the circumstances, the 194 
convention would not be held in Milwaukee. On motion, se: 
onded, it was unanimously carried. 

Mr. Maloney also brought up the necessity for making 
decision in regard to the 1946 Convention City, stating tha 
it was hoped that this would be both an annual meeting an 
an international congress, and inasmuch as most of the exhib 
halls have been taken over by government services, and tha 
sO many associations are planning on conventions in 1946, 
was imperative that a decision be made at an eaily date 
that commitments on dates and exhibit halls might be mad 

After discussion, Director Wagner made a motion as fol 
lows: 

“That the Board refer the matter of the dates and 
locations of the next two conventions back to th: 
Executive Committee for their consideration, and fur 
ther report to the Board for decision by letter ballot, 
with authorization to make tentative arrangements 
for necessary Commitments of dates and places.” 


Motion seconded by Director Sully and carried. 


18. Preconvention Issue—-AMERICAN FOUNDRYMAN 
Director I. R. Wagner made a motion as follows: 
“That the publication of the 1945 Preconvention 
Issue of the AMERICAN FOUNDRYMAN is authorized on 
the same basis as that of the 1944 Issue.” 
Motion was seconded by Director Wallis and carried. 
There being no further business to come before the Board 
at this time, the meeting on motion was adjourned. 
Respectfully submitted, 
R. E. Kennepy, 


Secretary. 


Minutes of the Executive Committee Meeting 
Hotel Statler, Cleveland—Tuesday, October 17, 1944 


1. Present: President R. J. Teetor 
Vice President F. J. Walls 
Directors: W. B. Wallis 
I. R. Wagner 
L. C. Wilson 
S. V. Wood 
Treasurer C. E. Hoyt 
Secretary R. E. Kennedy 
Iechnical Development Director N. F. Hindle 
Business Manager W. W. Maloney 


2. Reading of Minutes 

The meeting was called to order by President Teetor at 
10 a.m., with W. W. Maloney reading the Minutes of the 
previous Executive Committee meeting held June 20th and 
the July Board of Directors meeting. On motion, seconded, 
the Minutes of the Executive Committee were approved as 
read 


3. Report of Treasurer 

Treasurer Hoyt presented a comparative report for the 
first quarter of the current fiscal year, correlating the Asso- 
ciation’s position with similar periods during the past five years. 
This report showed that collections of dues as of September 30 
have already exceeded the dues budget for the entire year, and 
also showed a cash position exceeding any similar period since 
1939. 


4. Technical Development Program 


Authorization was given for extending to the entire indus- 
try the opportunity of aiding the new Technical Development 
Program in its essential work. To this end a motion was made 
by Director Wood, seconded by Director Wilson, and carried, 

“That general solicitation for the Technical Develop- 


ment Program be expanded so that the opportunity 
can be offered other firms without limitation to con 
tribute te the Program for its continuation and de 
velopment.” 

It was the consensus of opinion of the Executive Com- 
mittee that any contributions in the form of endowments to 
the Technical Development Program would be acceptable 

Motion was made by Director Wallis, seconded by 
Director Wagner, and carried, 

“That the sum of $2,500.00 be advanced from the 
A.F.A. general funds for extending to the industry 
the opportunity of contributing to the Technical Ds 
velopment Program.” 

It was the consensus of opinion that the A.F.A. general 
fund should be reimbursed for the $2,500.00 thus advanced, 
at the end of the current fiscal year. 


5. Special Publications 
Following the discussion on gratis distribution to members 
of special publications of the Technical Development Progran 
motion was made by Director Wallis, seconded by Directo 
Wilson, and carried, 
“That the Technical Development Program be 1 
imbursed from A.F.A. general funds for all copies o 
the Cast Metals Handbook furnished members gratis 
on the basis of the actual cost of such books to th 
Technical Development Program.” 
A further motion was made by Director Wallis, seconde 
by Director Wagner, and carried, 
“That the Technical Development Program be r 
imbursed for all copies of the Sand Testing Hanc 
book furnished members gratis, on the basis of th 
actual cost of the books to the Technical Develo; 
ment Program.” 











S« 
1 


o] 


nd 


In 





Minutes OF BoaRp MEETINGS 


It was understood that the term “actual cost” in the above 
resolutions refers to the actual “out-of-pocket cost’’ and not 
to any expense incurred by the Association as a whole prior 
to the time the accounts for these special publications were 
transferred to the Technical Development Program budget. 

Particular discussion was held with reference to gratis 
distribution to members of the Sand Testing Handbook, fol- 
lowing which a motion was made by Director Wallis, seconded 
by Vice-President Walls, and carried, 

“That members be notified that the Sand Testing 
Handbook will be ready fer distribution soon, that 
members desiring their member copy should order 
same prior to a stated date, after which date a price 
will be charged for all copies distributed.” 


6. Chapter Contact Conjerence 

Director Wagner as Chairman of the Chapter Contact 
Committee of the Board, in reporting on the Chapter Contact 
Conference held August 26, in Chicago, stated that the meet- 
ing had proved an unqualified successs, with 26 of the 27 
Chapters represented. Of the Chapter representatives present, 
21 were Chairmen, 2 Vice-Chairmen, 2 Secretaries, and one 
guest representative. He reported that total expense of the 
meeting was approximately $2,000 against a budgeted amount 
of $2,500.00. 

Due to its extreme success Chairman Wagner recom- 
mended that the Conference be made an annual event and a 
two-day meeting. Motion then was made by Director Wallis, 
seconded by Director Wagner, and carried, 

“That it be recommended to the Board of Directors 
that funds be appropriated for a 1945 Chapter Con- 
ference of two days and that consideration be given 
to holding the Conference dumng the week of the 
annual Board meeting in July.” 

Director Wagner was authorized to work out with the 
Staff a proper schedule of attendance, both by National Officers 
and Staff “National Officers’ Nights” of the 


various Chapters 


members, at 


Cupola Research Project 

Following discussion of the status of funds administered 
by A.F.A. on behalf of the Cupola Research Project, a recom- 
mendation was made by Director Wilson without motion that 
the Steering Committee of the Cupola Research Project be 
approached in the matter of transfer of the balance of Cupola 
Research funds into the Technical Development Program 
funds, with the understanding that such Cupola Research 
funds would continue to be earmarked for that project alone, 


8.1945 Convention Cit) 

Business Manager Maloney reported the selection of De- 
troit as the 1945 Convention City, folowing letter ballot ap- 
proval by the Board of Directors, with the meeting scheduled 
for the week of April 30-May 4. 


9.1945 Nominating Committee 
In accordance with the procedure prescribed in the revised 
By-Laws effective July 1, 1944, appointees for the 1945 Nomi- 
nating Committee were considered, including names submitted 
by Chapter Boards of Directors to serve with the last two Past 
Presidents of A.F.A. The following Committee, showing Chap- 
ter area and section of industry represented, was appointed: 
Past President D. P. Forbes, Gunite Foundries, Inc., 
Rockford, Ill. 
Past President L. C. Wilson, Reading Steel Casting Div., 
American Chain & Cable Co., Reading, Pa. 
W. E. Mahin, Armour Research Foundation, Chicago, III. 
(Representing Gray Iron) 
Charles Morrison, Saginaw Malleable Iron Div., General 
Motors Corp., Saginaw, Mich. (Saginaw Valley; Repre- 
senting Malleable ) 
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M. J. Lefler, Strom Brass Foundry, Elkhart, Ind. (Michi 
ana Chapter; Representing Non-Ferrous 

R. K. Glass, Republic Steel Corp., Buffalo, N. Y West 


ern New York Chapter; Representing Equipment 
Edw. Trout, Lufkin Foundry & Machine Co., Lufkin, 
Texas (Texas Chapter; Representing Gray Iron 


Henry McFarlin, The Lunkenheimer Co., Cincinnati, 
Ohio (Cincinnati Chapter; Representing Non-Ferrous 

J. W. Porter, American Steel Foundries, East Chicago, 
Ind. (Chicago Chapter; Representing Steel 


On motion by Vice-President Walls, seconded by Director 
Wilson, and carried, Past President D. P. Forbes was desig 
nated the Chairman of the 1945 Nominating Committee 


10. Membership Dues 

Extensive discussion was held in connection with the 
tive issued at the Board meeting in July toward increasing 
dues. The suggestion was made that a definite decision be 
made by the Executive Committee at a mecting to be held 
the day prior to the January, 1945, Board meeting. A motion 
then was made by Director Wallis, seconded by Director Wag 
ner, and carried, 

“That a committee of three members of the Executive 
Committee be appointed to obtain additional data 
on the question of dues structure and report back to 
the Executive Committee at the January meeting.” 
Accordingly, President appointed the following 
special committee on dues: Walls, 
Wagner and Wallis. 

President Teetor anounced that the next meeting of the Ex- 
ecutive Committee would be held Tuesday, January 16, 1945, 
and that the Mid-Year meeting of the Board of Directors 
would convene on Wednesday, January 17. 


dire« 


Teetor 


Vice-President Directors 


11. Membership Report 


A report on A.F.A. membership was submitted by Vice 


President Walls, as Chairman of the National Membership 
Committee, showing the following: 
Membership as of June 30, 1944 6,620 
Membership as of October 16, 1944 6,922 
Sustaining Members as of October 16, 1944 224 


(Increase of 53 Sustaining Members since June 30.) 
12. Youth Encouragement Program 
Vice-President Walls, as Chairman of the Youth Encour- 
agement Committee, outlined the elements of a program pro- 
posed to two companies in the Detroit area and described 
some of the causes of present personnel conditions in the 
foundries. 


13. Management Program 

Director Wood, as Chairman of the Management Com- 
mittee, brought out the need for action in obtaining greater 
interest on the part of foundry management in the activity of 
A.F.A. Following discussion, authorization was given for hold- 
ing several Management Meetings during the current year in 
conjunction with Association Chapters with the dual purpose 
of selling management on the benefits to be derived from 
A.F.A. activities and building a greater pride of industry on 
the part of foundry owners and managers. 


14. Joint Welding Committee 

Vice-President Walls described talks he has held with 
American Welding Society officials, in connection with a 
Joint Committee on welding of castings. Authorization was 
given Vice-President Walls to proceed this matter to conclu- 
sion as the official A.F.A. representative. 
15. On motion, seconded, the meeting was adjourned 

Respectfully submitted, 
R. E. Kennepy, 


Secretary 


sou. 
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Minutes of the Executive Committee Meeting 
Palmer House, Chicago, Ill. January 16, 1945 


1. Present: President R. J. Teetor 
Vice President F. J. Walls 
Directors: W. B. Wallis 
I. R. Wagner 
L. C. Wilson 
S. V. Wood 
Treasurer C. E. Hoyt 


Secretary R. E. Kennedy 


echnical Development Director N. F. Hindle 


Business Manager W. W. Maloney 
2. Readine of Minutes 
Che meeting was called to order by President Teetor at 
2 P. M. and at his suggestion the reading of the minutes of 
the October 17th, 1944, meeting were dispensed with, having 


been submitted by mail and approved 


) Report on Membership 

[he report on me_nbership was presented by Vice-Presi- 
dent Walls, Chairman of the National Membership Committee 
He stated that 1,054 members had been enrolled during 
the year and that book membership as of December 31, 1944, 
was 7,194, with a decided increase in Sustaining and Company 
Chairman Walls 


new 


members. President Teetor commended on 


this fine report, stating that the increase in new members had 
far exceeded the expectations for 1944 

On motion, seconded, and carried, the report was ap- 
proved 
t Repor on Finances 

lreasurer Hoyt presented the Budget Report for the first 


the fiscal year with detailed statement 


showing Receipts and He called 


attention to comparative figures on dues income for the years 


six months of together 


Disbursements. particular 


1941 to 1944, and gave a brief summarization of the report 
in reviewing the Technical Development Program budget 
for 1944-45, Treasurer Hoyt recommended that the budget be 


revised and submitted to the Finance Committee for approval 


It was moved by Director Wilson, seconded by Vice-President 
Walls, and carried 
“That the current year’s budget be revised in con- 
junction with the Advisory Committee of the Tech- 
nical Development Program and submitted to the 


Finance Committee for approval.” 
On motion, seconded, and carried, the Finance Report 
was approved 
on Contributions to Technical Development Program 


leetor announced that due to the illness of W 
would 


) Report 

President 
H. Alexander of Ashcraft and Ashcraft, Attorneys, he 
not be present to discuss deductibility of contributions to the 
Technical Development Program from income tax. The ques- 
tion of classification of the American Foundrymen’s Associa- 
tion by the Internal Revenue Dept. was discussed; and it was 
Vice-President Walls, seconded by Director Wilson, 
carried: 

‘That the necessary steps be taken to clarify the clas- 
sification of the American Foundrymen’s Association 
with the Internal Revenue Department.” 

An informal report was presented by Treasurer Hoyt on 
[echnical Development Program contributions to date, and it 
was pointed out that a number of companies had requested 
more specific information on the of contributions that 
might be expected from their size and type of company. Direc- 
tor Wilson recommended that solicitation for Technical Devel- 
opment funds be continued at least throughout the current year. 


moved by 


and unanimously 


size 


XxVili 


Conference with Ordnance Department 


6. Report on 
Teetor reported on the Washington conferenc« 
he, Vice-President Walls, and Secretary Kenned 
were invited at the request the Ordnance Department, t 
formulate plans to cooperate with the Ordnance Department 
through an A.F.A. would be avail 
able to the research and* development department for consulta 
tion on matters concerning the foundry industry. 

President Teetor suggested that five 5-man committees b: 
appointed, representing the different divisions, with the chair 
of each committee forming a five 
to work with the Ordnance Department, with one man a 
liaison to attend general meetings, and that this recommenda 
submitted for the Board’s approval 


President 


to which , 


ot 


committee whose services 


man general committee of 


tion be 
1945 Foundr) 

Plans for 
gress in Detroit April 
light of the January 
tion conventions 
hotel facilities. 


c oneress 
Foundry Con 
reconsidered 


the 4th War Production 
0th May 4 
} appeal by the 


hoiding 
to were 
for restric 


to conserve transportation and 


government 


of in order 


Business Manager Maloney reviewed events following the 
government appeal and pointed out that any group desiring 
to hold a meeting 50 people after February 
was required to obtain approval by a Committee on Wartinm« 
Conventions under Director War Mobilization James fk 
Byrnes. In view of these developments, the entire question of 
holding the 1945 reconsidered. It felt 
that whatever action was taken by A.F.A. with regard to thi 
meeting, should be based on its contribution to the war effort 
and whether or not the 
membership of the industry or by the government 


of more than 


ot 


Convention was was 


such action could be questioned by 


Accordingly, an alternate program of activities was pre 
sented in lieu of the Detroit meeting, consisting of the follow 
ing five proposals: 
“1. That the 1945 
April 30-May 4, 
with the Government’s appeal. 

That a ‘Year--Round Foundry Congress’ 
lieu of the announced Detroit Foundry 
technical papers, reports and discussions can continue to be 
disseminated to the industry in accordance with the Associa 
tion’s obligations. It is expected that papers and discussion 
can thus be solicited and published throughout the yea 

That the Quarterly suspended 
emergency expedient, and all papers and discussions ordi 
narily printed in the Quarterly be published in AMERICAN 
FOUNDRYMAN monthly the proceedings of the ‘Year 
*Round Foundry Congress,’ beginning in May, 1945. Recent 
increases in paper allotments should make this possibk 
No change is contemplated in issuance of Bound Volume 


Congress, scheduled for Detroit, 


cancelled, in compliance 


Foundry 
be voluntarily 


be substituted in 


rh 


Congress, so that 


“Transactions’ be as ar 


as 


That the issuance of Preprints be suspended in 1945, as ar 
emergency expedient and because of the proposed cancella 
tion of the Detroit Foundry Since the mai 
purpose of Preprints is to induce discussion of conventior 


_ 


Congress. 


papers, that purpose will be fully accomplished by thei: 
publication in AMERICAN FOUNDRYMAN 
“5. That plans for the Pre-Convention (April, 1945) Issue of 


AMERICAN FOUNDRYMAN be revised, to provide for a ‘Yea 
"Round Congress Issue’ in May, with advertising acceptec 
in this and succeeding monthly issues containing Transa« 
tions and Preprint material. While it has been previous! 
stated that paper restrictions would not permit this plan 
recent paper increases granted AMERICAN FOUNDRYMAN 
should make possible acceptance of advertising on a limite¢ 
scale. Opportunity would be given those who have reserve« 
space in the Pre-Convention Issue, to designate their choic« 


Beas. 
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issues carrying Transactions and Preprint material 


of 
Following presentation of the five-point alternate program, 
Director Wallis, seconded by Director 


notior was made by 


Wilson, and unanimously approved 

That the program be submitted in entirety for approval 
by the Board 
Report of Special Subcommittee on Dues Structure 


The report of the Special Subcommittee on Dues Struc- 
1944, meeting was sub- 


ture, appointed at the October 17 
dutv of 


mitted. This subcommittee, charged with the 
recommending dues increases, as authorized by the By-Laws, 
offered the following proposal: 
That Sustaining Membership dues be 
mum of $100.00 annually, and that Company 


specific 


increased to a mini 
Membership 


dues be increased to $50.00 annually 


While this recommendation covered the task of the 
subcommittee, two additional recommendations were submit 
to overall fi 


specif 


ted, because of the importance of dues income 
nancing of A.F.A., 
That the By-Laws be 


fund to a straight maximum of 20% 


as follow $s: 


amended to increase the chapter re 


( 


That 75% of the 
Technical Development Program, and 25% 


income from increased dues be allocated 


to the to regular 


A.F.A 
In discussing these 
referred to a 17-page report of the subcommittee meeting held 
November In this report it was pointed out 


activities 


recommendations, the subcommittec 


14th in Chicago. 


that the possibility of increasing dues had been discussed in 
recent months before several chapters, with no specifically 
negative reactions 


The question of an increase in the chapter refund was 


discussed at length, especially the refund on $8.00 personal 
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Ww hile some difference es ol opinion were pre sented 
chapter 


membership 
on this point, it was agreed that an increase in the 
refund would be most desirable, the specific amount or per 
cent to be left to the Board of Directors 

In the: belief that the 
on increased dues and on chapter 
basis for Board discussion, Vice-President Walls moved 
Subcommittee’s report be 


subcommittee’s recommendations 


refunds formed a sound 


“That this portion of the 
accepted and submitted to the Board of Directors fo 
final approval.” 


Motion seconded by Director Wood and unanimously carried 


Some 
cation ot 
Development Program. It was agreed, however, that continu 
ous financing of the Technical Development Program might 
be materially helped by the 
Since no agreement was reached on the allotment of specifi 
echnical Develop 


disagreement was expressed with reference to allo 


a percentage of the increased dues to the Technical 


recommended increases in dues 


percentages of the increased dues to the 
ment Program, it was decided that this portion of the Subcom 
mittee’s recommendations should be presented to the Board in 
the form of a suggestion for Board discussion 

Increase in Salary Budget 

Kennedy 
of $25,000 in the present salary 


increased number of chapters, and to provide such 


After 


request for an increase 


presented a 
budget, in order to bette: 


Secretary 


serve the 
additional personnel required under present programs 
discussion, it was moved, seconded, and carried 

“That the Executive Committee recommend to th: 
Board authorization for such an increase, at the dis 
cretion of the Secretary.” 

Re spec thully submitted 
R. E. Kennepy, 


Secretary 


Minutes of Meeting, Board of Directors 
Palmer House, Chicago, Ill. January 17, 1945 


Vice-President Fred J. Walls, presiding 
Max Kuniansky 


|. Present 


Directors: J. E. Crown 


H. S. Simpson W. B. Wallis 
I. R. Wagner F. J. Dost 

S. V. Wood S. D. Russell 
Walton L. Woody R. T. Rycroft 
D. P. Forbes Joseph Sully 
Roy M. Jacobs L. C. Wilson 


Absent: President Ralph J. Teetor 


Minutes of Previous Meetings 

[he minutes of the Board meeting held July 11 and 12, 
1944, were Kuniansky, sec- 
Director Reitinger, were approved 


read and on motion by Director 
onde d by 

The minutes of the Executive Committee meeting held 
October 17, 1944, were read and, on motion, seconded, were 


approved 


3. Report of 1945 Nominating Committee 
Chairman Forbes reported that the 1945 Nominating 
Committee had nominated the following for Officers and Di- 
rectors: 
President (to serve 1 year 
Fred J. Walls, Metallurgist, International Nickel Co., De- 
troit, Mich. 
Vice-President (to serve 1 year 
S. V. Wood, President, Minneapolis Electric Stee! Casting 
Co., Minneapolis, Minn. 
Directors (to serve 3 years 
F. M. Wittlinger, Secretary, Texas Electric Steel Co., 
Houston, Texas 


James H. Smith, Works Manager, Saginaw Malleable Iron 
Div., General Motors Corp., Saginaw, Mich 
H. H. Judson, Superintendent, Gould Pumps, Inc., Seneca 
Falls, N. Y 
George K. Dreher, Vice-President in Charge of 
facturing, Ampco Metal Inc., Milwaukee, Wis 
E. W. Horlebein, President, Gibson & Kirk Co., Baltimore, 
Md 
Director 
cordance with By-Laws revised effective July 1, 
Ralph J. Teetor, President, Cadillac Malleable 
Cadillac, Mich 
In accordance with Article X, Section 8, of the By-Laws, 
it was announced that the Secretary would publish the report 
of the Nominating Committee to all members of the Associa 
tion “at least 60 days before the annual Business Meeting.’ 


Manu 


as immediate Past President to serve 1 year in ac 
1944 


Iron Co., 


4. Report of Board of Awards 

The report of the January 16th 1945 
Board of Awards was presented by Chairman Wilson, who an- 
nounced that two Gold Medals of A.F.A. had been awarded 


as follows: 


meeting of the 


The John A. Penton Gold Medal to Clarence E. Sims, 
Battelle Memorial Institute, Columbus, Ohio 
“Because of his outstanding contribution to Ameri 


can Foundrymen’s Association and to the steel cast- 
ing industry.” 
[The Joseph S. Seaman Gold Medal to R. E 
Secretary of the American Foundrymen’s Association 
“For outstanding meritorious service to all branches 
of the foundry industry through his work in organiz- 
ing and guiding the development of technical and 
operating papers and discussions, and in his untiring 


Kennedy, 
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encouragement to all A.F.A. chapters, committees 
and members.” 
Chairman Wilson also reported that Honorary Life Mem 
berships had been voted for presentation to the following: 
Rear Admiral A. H. Van Keuren, U.S.N., Director of 
Naval Research laboratory, Washington, D. C. 
“In recognition of his efforts and interest in behalf 
of the foundry industry, and his cooperation with the 
foundry industry in research work.” 
M. J. Gregory, Retired (formerly of Caterpillar Tractor 
Company, Peoria, II. 
“For his contribution to the Association and the 
foundry industry.” 
Ralph J. Teetor, as retiring President of the A.F.A. 
C. E. Sims and R. E. Kennedy as 1945 Medallists. 
Following presentation of this report, Director Simpson 
moved that the action of the Board of Awards be approved. 
Motion seconded by Director Reitinger and unanimously car- 


ried, 


5.1945 Foundry Coneress 

At the request of Chairman Walls, a progress report on 
the 1945 Foundry Congress was presented by Business Manager 
Maloney, particularly tracing the developments since Janu- 
ary |. It was brought out that the program for the Detroit 
Foundry Congress was far advanced by the first of the year, 
but that plans for this meeting had had to be reconsidered fol- 
lowing the announcement on January 3 of the government 
appeal for restriction of wartime conventions. This appeal 
stressed the urgency of conserving transportation and hotel 
facilities, resulting in formulation of a government committee 
on Wartime Conventions on January 5, under which all meet- 
ings of over 50 people held after February 1 were required to 
be approved by the committee. 

In view of the advanced plans for the Detroit meeting, 
and of advertising reservations for the Preconvention Issue of 
the AMERICAN FOUNDRYMAN, it was brought out that a delay 
in obtaining government approval for the 1945 meeting would 
be most serious. It was realized that any Foundry Congress, 
even in curtailed form, would make large use of rail and hotel 
accommodations, and that A.F.A., as a leader in the industry, 
should probably take such action as could not be questioned by 
anyone. 

It was reported that the entire question had been carefully 
considered by the Executive Committee in session January 16, 
particularly on the basis of what course would best serve the 
war effort. At that meeting it was felt that even if A.F.A. 
had to depart from its usual program of activities, it should 
not hesitate to adapt itself so as to meet wartime conditions 
in a manner consistent with its policies and services. 

Accordingly, the following recommendation of the Execu- 
tive Committee was presented: 

“That the 1945 Congress scheduled for April 30 to 
May 4 be voluntarily cancelled in compliance with 
the government appeal.” 

On motion by Director Simpson, seconded by Director 
Jacobs, the above proposal of the Executive Committee was 
unanimously approved. 

At the suggestion of Director Wilson, a telegram was read 
addressed to Director of War Mobilization, James F. Byrnes, 
over the signature of President Teetor, as follows: 


‘Notwithstanding the virtual completion of plans for 
the 49th Annual Meeting and the Fourth War Pro- 
duction Foundry Congress of the American Foundry- 
men’s Association, our Board of Directors has voted 
to cancel this meeting nationally announced for April 
30 - May 4 in Detroit. While the national meetings 
of the American Foundrymen’s Association are di- 
rected primarily to aiding the more effective pro- 
duction of castings for war purposes, we believe that 
these purposes may be affected through processes in- 
volving no large gatherings and through the full utili- 
zation of avenues now open for consultation with 
Army and Navy Ordnance. The Association will 
continue and extend the work in the interest of war 
production through every available means. Recogniz- 
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ing the necessity for minimizing travel during tl 
crisis, we are in full accord with your program ar 
unanimously subscribe to your request.” 

On motion of Director Simpson, seconded by Direct 
Jacobs, the above telegram was included as part of the origin 
motion 

Recommendation of the Executive Committee for an alte: 
nate program of 1945 activities, in lieu of cancellation of tl 
Detroit Convention, was presented as follows: 


“That a ‘Year--Round Foundry Congress’ be substi 
tuted in lieu of the announced Detroit Foundry Cor 
gress, so that technical papers, reports and discus 
sions Can continue to be disseminated to the industr 
in accordance with the Association’s obligation. It 
expected that papers and discussions can thus br 
solicited and published throughout the year. 

“That the Quarterly “Transactions’ be suspended, 
an emergency expedient, and all papers and discus 
sions ordinarily printed in the Quarterly be published 
in AMERICAN FouNDRYMAN monthly as the proceed 
ings of the ‘Year-Round Foundry Congress,’ begin 
ning in May, 1945. Recent increases in paper allot 
ments should make this possible. No change is con 
templated in the issuance of the Bound Volume. 
“That the issuance of Preprints be suspended in 1945 
as an emergency expedient and because of the pro 
posed cancelation of the Detroit Foundry Congress 
Since the main purpose of Preprints is to induce dis 
cussion of convention papers, that purpose will b: 
fully accomplished by their publication in AMERICA» 
FOUNDRYMAN. 

“That plans for the Pre-Convention (April, 1945 
Issue of AMERICAN FOUNDRYMAN be _ revised to 
provide for a ‘Year-Round Congress Issue’ in May, 
with advertising accepted in this and succeeding 
monthly issues containing Transactions and Preprint 
material. While it has been previously stated that 
paper restrictions would not pennit this plan, recent 
paper increases granted AMERICAN FOUNDRYMAN 
should make possible acceptance of advertising on 
limited scale. Opportunity would be given those who 
have reserved space in the Pre-Convention Issue to 
designate their choice of issues carrying Transactions 
and Preprint material.” 


In discussion on the alternate program, Director Forbes 
suggested that the authors of papers intended for the Detroit 
meeting might be asked to present their papers before chapte 
meetings. Chairman Walls stated that it also was intended to 
publish the papers and written discussions simultaneously i: 
issues of the AMERICAN FoOuNDRYMAN. Secretary Kennedy 
suggested that reprints thus published might be utilized for 
discussion purposes in the chapters. 

Director Forbes also suggested that something in the form 
of a symposium might be worked out for chapter meetings 
somewhat in the form of “little conventions.” Director Dost 
offered the thought that such local meetings might prove to be 
a big drawing card for local chapter attendance. Directo 
Kuniansky suggested that the Shop Operation Courses might 
be squared down to chapter size, so as to present at chapte: 
meetings more material of practical benefit to local shop men 


In connection with the proposal to accept advertising ir 
eight regular 1945 issues of the AMERICAN FOUNDRYMAN, in lieu 
of the Preconvention Issue, Director Simpson expressed disap 
proval of this proposal and suggested instead that advertising 
be confined to an “Annual Review Number.” Director Wallis, 
in expressing approval of the advertising proposal, registered 
disapproval of a single advertising issue. 

Director Wilson declared that publication of the “Trans 
actions” and similar material in monthly issues of the Ameri 
CAN FouNDRYMAN would greatly extend the magazine's reade: 
interest, and expressed his opinion that this editorial materia! 
would make the AMERICAN FouNDRYMAN of greater value t 
advertisers than a Preconvention Issue. Director Kuniansk) 
pointed out that in previous discussions on improving th: 
AMERICAN FouNDRYMAN, the question of advertising in month 
ly issues had been recommended and he suggestea that the 
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emergency program proposed would make possible trying out 
such a recommendation. Director Wagner recalled the lengthy 
report of the 1944 American Foundryman Policy Committee 
presented before the Board last July, recommending a similar 
policy on advertising. 

Director Simpson suggested that the opinion of advertisers 
be obtained with regard to the proposed 1945 policy for the 
AMERICAN FouNDRYMAN. Director Wilson pointed out that, 
since all advertisers in the 1945 Preconvention Issue were to 
be approached in connection with the proposed policy, the re- 
sponse therefrom would serve that purpose. Director Forbes 
stated that over a number of years, members of A.F.A. had 
recommended advertising in regular issues of the AMERICAN 
FounDRYMAN for the additional information that would be 
provided, and for improvement of the Association’s monthly 
magazine. 

At the request of Chairman Walls, Business Manager Ma- 
loney stated that WPB paper restrictions would materially 
limit the number of advertising pages that could be made 
available in any one issue of AMERICAN FOUNDRYMAN, and 
that the maximum of such pages would probably average 50 
to 60 per issue. It was pointed out that a number of volun- 
tary requests for advertising space are received every year for 
regular issues of the AMERICAN FoUNDRYMAN. 

The necessity for some form of prompt decision was em- 
phasized by Chairman Walls and Director Wilson, so that ad- 
vertisers in the Preconvention Issue might be advised imme- 
diately of Board action, and that immediate provision be made 
for bringing to the membership a continuous flow of technical 
and practical data. Director Russell expressed approval of the 
proposed AMERICAN FoOUNDRYMAN policy as a means of pro- 
ducing a better magazine for the membership. Director 
Kuniansky declared that the presence of advertising would in- 
crease the interest of men in the shop in their Association 
publication. 

Following discussion, the proposed alternate program as 
recommended by the Executive Committee on motion was sec- 
onded and unanimously approved. 


6. 1946 Foundry Congress 

Plans for the 50th Anniversary Foundry Congress sched- 
uled for 1946 were discussed in light of present government re- 
strictions on conventions. Business Manager Maloney reviewed 
previous steps taken thus far in determining a time and place 
and stated that tentative commitments had been made for both 
Cleveland and Philadelphia for May, 1946. 

In view of the possible necessity for postponement next 
year, Director Woody moved that these tentative commitments 
also include provisions for dates in October, 1946, as well as 
May. Motion seconded by Director Simpson and carried. 


Report of Finance Committee 

Chairman Wilson called on Treasurer Hoyt to give the 
lreasurer’s report and an explanation of the budget and fi- 
nancial statement..Chairman Wilson further stated that the 
Technical Development Advisory Committee were being asked 
to submit a revised budget to bring it in line with their present 
operations 

On motion, seconded, the report was unanimously ac- 


cepted 


8. Report of Membership Committee 

Chairman Walls briefly reviewed the Membership Report, 
which showed an enrollment of approximately 1,054 new mem- 
bers during the year, making the book membership 7,194 as 
of December 31, with a decided increase in Sustaining and 
Company members. 

On motion, seconded, and carried, the report was unani- 
mously accepted. 


9. Report of Chapter Contact Committee 

Chairman Wagner briefly commented on the success of 
the 1944 Chapter Chairman Conference, and stated that a 
recommendation had been made that this conference be re- 
peated in 1945, extending the time to a two-day meeting. He 
also discussed the new chapters, Central Ohio being the newest 
chapter, with Portland in the process of organization. He 
stated that chapter visitations by officers and directors had 
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been very successful and had resulted in great value to both 
the chapters and the Association in securing better support 
from management 

A discussion of chapter activities in different parts of the 
country followed this report, in which Directors Reitinger, 
Sully, Russell, and Jacobs participated, and it was the con 
sensus of opinion that all the chapters were self-supporting 
and in good financial condition 


10. Report on Management Committee 

Chairman Wood, in reporting on his committee, stated 
that an effort had been made to acquaint top management 
with the activities of the A.F.A., and as an experiment a 
luncheon was held in Minneapolis to which only high execu 
tives were invited. The sole purpose of the luncheon was to 
impress upon management the value of the A.F.A. The meet 
ing was very successful and Chairman Wood stated that more 
of these meetings would be held in the future, in different 


chapter areas 


11. Death of William H. Schulte 

Mr. Hoyt announced the sudden death of Bill Schulte of 
the National Engineering Co., Chicago, who was very well 
known to foundrymen and exhibitors, as superintendent of ex- 
hibit installation for the A.F.A. for 35 years. Mr. Hoyt ex- 
pressed not only a deep personal loss, but stated that Mr 
Schulte’s death would be keenly felt by the entire industry. 


12. Dues Structure 

In accordance with the directive issued by the Board of 
Directors at the July, 1944, meeting, the Executive Committee 
presented recommendations for increasing membership dues 
The recommendation, embodying the findings in a 17-page re- 
port of a Special Subcommittee on Dues Structure, was in four 
parts as follows: 

a) Sustaining Members shall pay minimum annual dues 
of $100. (A compiny or organization may pay more 
than the minimum dues of $100.00 in proportion to 
the benefits the company or organization may feel a 
cruing and to its desire to further the aims and pur- 
poses of the Association 

b) Company Members shall pay annual dues of $50. (It 
shall be understood that Company Membership priv- 
ileges shall apply only to the plant or general office 
of an organization where said membership is held 

c) That Section 4 of Article XVI (Local Chapters) be 
amended to read as follows: “For financing of each 
local Chapter, the Board of Directors may authorize 
an appropriation not to exceed twenty per cent 

20%) of the annual dues received from members of 
each Chapter.” 

d) That 75% of the net income derived from the in 
creased dues recommended herein be ailocated to the 
Technical Development Program, and 25% to the 
Regular activities of A.F.A. in accordance with the 
schedule. 

Chairman Walls pointed out that the recommended in 
creases in Company and Sustaining dues fully discharged the 
duty of the Executive Committee. He explained that the other 
two recommendations were included because dues income di- 
rectly concerned the overall financing of A.F.A. and the chap- 
ters, and also may be considered to play a large part in year 
by year financing of other A.F.A. activities 

Lengthy discussion of many phases of the dues structure 
followed. Points considered included: (a) Average income per 
sustaining membership, (b) Difference between company and 
sustaining membership, (c) Estimated effects of raising com- 
pany and sustaining dues, (d) Estimated effects of possible 
losses due to post-war conditions, (e) Membership rates of 
other technical societies, (f) Per cent of total dues income 
from each member class, (g) Sliding scales for company and 
sustaining dues, (h) Cost of servicing an A.F.A. membership, 
(i) Number of affiliates per company and sustaining member- 
ship, etc. 

Chairman Walls pointed out that in considering the 
dues structyre it was felt, first of all, that no increase should 
be made in the dues of Personal members since all A.F.A 
memberships are held by individuals and since the individual 
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and his activity forms the backbone of A.F.A. work. It was also 
believed that no company should be penalized for its judgment 
in utilizing the affiliate privilege to the fullest 

On motion by Director Simpson, seconded by Director 
Kuniansky and unanimously carried, it was voted to increase 
Sustaining Membership dues to a minimum of $100.00 an- 
nually, effective July 1, 1945. 

On Director Jacobs, 
Simpson, and carried unanimously it 
Company membership dues to $50.00 annually, effective July 1, 
1945 

In discussion of the Executive Committee’s recommenda- 
tion that the refund to chapters be increased to a straight 
20%, it was felt that the chapters quite properly should share 
increased voted. It was brought out that an in- 
crease in the refund would be of material assistance in chap- 
ter financing and might also stimulate local educational pro- 


seconded by 


was voted to 


Director 
increase 


motion by 


in the dues 


grams 

At present the chapter refunds are as follows: $2.00 on 
each $8.00 membership; $3.00 on each $15.00 membership; 
$5.00 on each $25.00 membership, and a maximum of $10.00 
on each sustaining membership of $50.00 or more. The recom- 
mendation of the Executive Committee proposed the following 
20% refunds: $1.60 on each $8.00 membership; $3.00 (as 
now) on the $15.00 class; $10.00 on each $50.00 company 
membership (new dues rate); 20% on each sustaining mem- 
bership of $100.00 or more (new dues rate 

Motion was made, seconded, and carried, that the Board 
authorize a maximum refund to 20%, and that consideration 
be given to amending Article XVI, Section 4, of the By-Laws 
at a later date, so as to bring this section up-to-date in accord- 
ance with the Board action 

Considerable discussion took place on the suggestion by 
the Executive Committee that the Board consider allocating 
some definite percentage of the expected increased dues income 
for continuous financing of the Technical Development Pro- 
gram. The consensus of Board opinion was that no definite per- 
centage should be set up in advance, but that funds for the 
Technical Development Program should be voted by the Board 
on the basis of budgets submitted for each year’s activities, the 
same as for budgets covering regular activities of the Associa- 
tion. 

It was considered an obligation of the Finance Committee 
to pass upon Technical Development Program budgets sub- 
mitted for recommendation to each succeeding Board of Di- 
rectors. It was agreed that any new membership received up 
to the date of July 1, 1945, the date on which the new dues 
would become effective, would be accepted at the rates at pres- 
ent in effect for one full year. 


13. Increase in Salary Budget. 

The recommendation of the Executive Committee that the 
annual salary budget be increased to take care of additional 
personnel needed for expanded activities was discussed, and 
on motion by Director Simpson, seconded by Director Kunian- 
sky, it was unanimously carried: 

“That the recommendation of the Executive Commit- 
tee relative to the increase of $25,000 in the annual 
salary budget be approved.” 


14. 1945 Chapter Chairman Conference 

Consideration was given to the recommendation that the 
Chapter Chairman Conference by a two-day meeting, and that 
a definite date be decided upon, and it was moved by Director 
Kuniansky, seconded by Director Jacobs, and carried: 


“That the Chapter Chairman Conference be a two- 
day meeting, and that it be held on July 17 and 18, 
1945.” 
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The expense of the Chapter Chairman Conference 
approximated for the two-day meeting in comparison with t 
meeting held last year, and the geographical distribution 
the chapters in regard to allocating the expenses for this 
nual meeting was discussed. On motion by Director Kunians} 
seconded by Director Wood, it was unanimously carried: 

“That the expense of the Chapter Chairman Conf: 
ence be borne by the A.F.A.”’ 


15.1945 Annual Meeting 
In view of the feeling that the Chapter Chairman Conf 
ence, the annual Board meeting, and the annual meeting 
the Association, might well be held this year during the san 
week, Director Kuniansky moved: 
“That the annual meeting of A.F.A. be held on Ju 


18 at a place designated by the Executive Cor 
mittee.” 
Motion seconded by Director Rycroft, and unanimous 


carried 


16. Youth Encouragement Committee 
Walls in 


Chairman reporting on the activities of th 


Youth Encouragement Committee stated that he had visited 


three chapters and discussed with them the importance of 
vouth encouragement. He stated that in addition to thes 
chapter discussions, he had talked with General Motors offi 
cials who have evidenced much interest in this activity. 


17. Report on Conference with Ordnance Department 


Vice-President Walls reported on the conference that h 
President Teetor and Secretary Kennedy were invited to at 
tend at the request of the Ordnance Department, to formulat: 
plans to cooperate with the Ordnance Department through ar 
A.F.A. committee whose services would be available to the r 
search and development department for consultation on mat 
ters concerning the foundry industry. 


It was suggested that five 5-man committees be appointed 
representing the different divisions, with the chairman of each 
committee forming a general committee of five to work with 
the Ordnance Department, with one man as liaison to attend 
general meetings, and this suggestion had the unanimous ap 
proval of the Board. 


18. Report of Technical Development Program 

N. F. Hindle, Director of the Technical Development Pro 
gram, reported quite fully on this subject, outlining the activ 
ties and commenting briefly on the progress being made on 
those already started, together with the plans for future proj- 
ects, as well as the special service that would be available 
under this new setup. 

Director Wood, Chairman of the Technical Development 
Advisory Committee, gave his views on the function of the 
committee, which would be clarified as to aims and policies 
after their first meeting. 

On motion by Director Wagner, 
Forbes, the report was accepted 


Director 


seconded by 


19. Classification of A.F.A. 


It was the consensus of opinion that the classification of 
the American Foundrymen’s Association should be clarified 
with the Internal Revenue Department, and that steps should 
be taken to stress the fact that the A.F.A. is a technical societ 
and not a trade association. It was suggested that this fact 
might well be incorporated on A.F.A. stationery and literatur 

There being no further business, the meeting was ad- 
journed. 

Respectfully submitted, 
R. E. Kennepy, 
Secretary. 
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Summary—Report of Special Subcommittee on Dues 
In Session November 14, 1944, Chicago 


After lengthy analysis of the dues structure of A.F.A., 
the Special Subcommitte on Dues has prepared a 19-page re- 
port This report includes the following recommendations for 
action by the Executive Committee 

1. That dues of Sustaining Members be increased from 

$50.00 minimum to $100.00 minimum annualls 


2. That dues of Company Members be increased from 
$25.00 to $50.00 annually 


No sliding scale of Company dues—-based on (a) number 


of Affiliates, (b) number of employees, (c) sales, or (d) ton- 
nage Capacity—is considered advisable. No limitation on the 
number of Affiliates per company is recommended. However, it 
also is recommended 
3. That the chapter refund on dues be increased to a 
straight 20 per cent 
Respectfully submitted 

F. J. Walls, Chatrman 

I. R. Wagener 

W. B. Wallis 


Minutes of Special Meeting 


Executive Committee of the Board 
Palmer House, Chicago, Ill. February 6, 1945 


Presiding: A.F.A. President R. J. Teetor 
Attendance (for A.F.A.): Vice-President F. J. Walls 
Director D. P. Forbes 
Director H. S. Simpson 
Director W. B. Wallis 
Director S. V. Wood 
Secretary R. E. Kennedy 
Treasurer C. E. Hoyt 
T.D.P. Director N. F. Hindle 
Bus. Mer. W. W. Maloney 
For Foundry Equipment Manufacturers Assn 
President Thos. Kaveny, Jr., Her- 
man Pneumatic Machine Co 
Director M. S. Becker, Whiting 
Corp 
Director B. C. O'Brien, Roots- 
Connersville Blower Corp 

his meeting was called by President Teetor in order to 
clarify with officials of the Foundry Equipment Manufacturers 
Association (F.E.M.A.) those features of the 1945 “Year 
‘Round Foundry Congress’ having to do with advertising in 
the AMERICAN FoOUNDRYMAN. 

It will be recalled that the Board of Directors at the mid- 
year meeting held January 17, 1945, voted to adopt an emer- 
gency program of activities in lieu of the 1945 Convention, 
so as to provide some other means of bringing to the members 
those papers and discussions intended for the canceled Detroit 
Foundry Congress. Accordingly, it was voted unanimously, 
with 100 per cent of the Board attending, to suspend publica- 
tion of the quarterly Transactions, to publish this Transactions 
material in AMERICAN FouNDRYMAN beginning with the May, 
1945, issue, and to replace the Pre-Convention issue of AMERI- 
CAN FOUNDRYMAN with advertising in those monthly issues 
containing Transactions material. 

Acceptance of monthly advertising had previously been 
urged by a number of members and recommended by several 
previous Board committees on AMERICAN FouNDRYMAN policy 
It was felt that the added revenue from monthly advertising 
would materially benefit A.F.A. in its ability to perform greater 
service for the industry. The May, 1945, issue was selected as 
the first issue for monthly advertising, because it was decided to 
begin the publication of Transactions material in that issue. 

Immediately after the January 17 meeting of the Board, 
information reached several directors, as well as members of 
the staff, that the Foundry Equipment Manufacturers Associa- 
tion was strongly opposed to such an advertising program. Ac- 
cordingly, the February 6 meeting was called as a special meet- 
ing of the Executive Committee to meet with directors of 
F.E.M.A. and discuss the matter thoroughly. The good will 


and cooperation of F.E.M.A. members, most of whom are 


members of A.F.A. and previous exhibitors at foundry shows, 
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was felt most desirable for a successful program of advertising 

Invitation to attend was issued to the officers and di 
rectors of F.E.M.A. on February 1. It was felt that prompt 
action was necessary before making an official announcement 
of the advertising program, hence the short time intervening 
between the invitation and the meeting. F.E.M.A. Vice-Presi- 
dent O. A. Pfaff, American Foundry Equipment Company; Di 
rector H. S. Hersey, C. O. Bartlett & Snow Co.:; Director R 
W. Hisey, Osborn Manufacturing Co Director P. J. Potter, 
Pangborn Corp.; and Director B. L. Simpson, National Engi- 
neering Company, expressed regrets at not being able to 
attend. 

A.F.A. President Teetor called the meeting to order at 
10 a.m. on February 6, and requested reading of the 1945 
program of emergency activities occasioned by cancelation of 
the Detroit Convention 

F.E.M.A. President Tom Kaveny then asked permis 
sion to read a memo from Otto Pfaff to his company’s sales 
promotion manager, A. L. Lenhard, dated January 31, on the 
subject of this program. Mr. Kaveny stated that this letter 
expressed in general the objections of F.E.M.A. to the A.F.A 
advertising program, and discussion followed 

Dealing with the points involved in Mr. Pfaff's memo, 
the A-F.A. directors pointed out that A.F.A. is the only tech 
nical society today which does not accept advertising in its 
publications, and, therefore, did not feel that A.F.A. was un 
duly commercializing its activities 

A memo was read by F.E.M.A. Director Max Becker, from 
the Whiting Corp. advertising agency, the Fensholt Co., ex 
pressing the opinion that the acceptance of advertising should 
be confined to regular commercial publications. Other 
F.E.M.A. directors expressed the fear that the new A.F.A. pro- 
gram might unduly commercialize A.F.A. activities 

A.F.A. directors pointed out the value of Transactions 
material to the industry as being of advantage to any pro 
spective advertiser. Some thought was expressed by F.E.M.A 
directors that Transactions material would be of less value 
to advertisers than might be anticipated by A.F.A. It was 
pointed out by A.F.A. that the 7,600 members of A.F.A. repre 
sented a splendid circulation for any advertiser to reach. It 
was stated that the AMERICAN FouNDRYMAN would be sold 
on its merits as an advertising medium and that its success 
or failure should depend on merit selling alone 

Some disagreement was expressed as to the possible 
net income that might be derived by A.F.A. from the adver- 
tising program. A.F.A. Director Wood, however, pointed out 
that the work of A.F.A. over the years has been of mate 
rial benefit to the entire industry, and that additional rev- 
enue expected to be derived through advertising would b« 
returned to the industry many-fold in terms of greater service 











XXXIV 


He stated that no compulsion whatever would be placed on 
this program, but that the 


assessment of the 


any equipment company under 


would be respected in its 
FOUNDRYMAN to its 
subject had been thoroughly 


a period of many years 


tr AC h 
value of AMERICAN 
Mr. Wood pointed out that the 
the A.F.A. Board 
that the resulting increased 
through the valuable addition of 
AMERICAN FOUNDRYMAN, was a material factor in the: Board's 


wishes of 


own sales program 


considered by ove! 
membership, 


data in the 


and service to the 


advertising 


decision of January 17 
President Teetor 
always been given A.F.A 
ply trade, through membership, exhibit participation, contri- 
butions to special projects, and the like. He pointed out that 
the constantly increasing membership of A.F.A. is constantly 
demanding greater service, and that the program adopted was 
degree of service. He 


recalled the splendid support that has 
activities by the equipment and sup- 


intended primarily to provide a greater 
stated that the meeting had been called out of consideration 
for the members of F.E.M.A. and their interest in the program 
Board action might fully 


announcement 


so that the underlying reasons for the 
be understood prior to any general 

In the matter of competition with existing publications, 
the A.F.A. board was of the belief that such competition would 
be beneficial for the industry, rather than harmful, since it 
might be expected to result in more and better editorial ma- 
terial on the part of AMERICAN FOUNDRYMAN as well as any 
other magazine serving the foundry field. The A.F.A. directors 
felt that such an increased volume of editorial matter could not 
help but benefit the industry, the equipment and supply com- 
panies, and the foundrymen. It was pointed out by the A.F.A 
staff that, because of existing paper limitations, only a limited 
volume of advertising could be accepted in AMERICAN Founp- 
RYMAN during 1945, and it declared that in any event 
the editorial content of the magazine would be considered first 

The suggestion was made that, if the program was con- 
from the standpoint of needed additional 
should not overlook the possibility of contribution fi- 


was 


sidered revenue, 


A.F.A 
nancing. Director Wood. expressed the thought that such a 
method of financing would not enable A.F.A. to plan ahead 
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as it should, since each year’s revenue would be continge: 
upon some unknown factor. He stated that A.F.A., as a tecl 
nical society for the entire industry, was in a position to stim 
late greater foundry progress, if properly financed, and he ex 
pressed the belief that the advertising program would be 
assistance to that end 

\.F.A. Director Simpson suggested that the 
program be deferred until 1946, or at least until 
Annual Board Meeting in July, 1945, and that the intervenir 
months be used to gain the full cooperation of equipment ar 
supply companies with the contemplated program. Othe 
A.F.A. directors expressed the thought that the best way t 
determine whether such cooperation could be gained or wit! 
held, would be through actual solicitation of advertising fro 
month to month during 1945. 

It was pointed out that the present advertising progra 
as adopted in January is authorized only for the eight months 
May-December, 1945, inclusive, and that any extension of th 
program beyond 1945 is contingent on further Board action 

President Teetor stated that announcement of the adver 
tising program would be made as soon as possible after tl 
meeting, and that the A.F.A. Board would be kept advised as 
to the success of advertising solicitation prior to the May issue 
He stated that cancelation of the Detroit Convention had mad: 
necessary a drastic change in our publication policies in order 
to provide continuous service to the members, and that A.F.A 
would welcome any suggestions by F.E.M.A. which might lead 
to a degree of cooperation between the two organizations ever 
has existed for 


material 
advertisir 


after tl 


¢ 
l 


than many years. 

Following the meeting, the staff was instructed to make 
the initial announcement of the advertising program as 
promptly as possible, to begin with the May issue of AMERICAN 
FOUNDRYMAN, and to respect the expressed decision of any 
prospective advertiser as to his own participation. 
Respectfully submitted, 

R. E. KeEnNeEDy, 


greater 


Secretary 
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Minutes of the Executive Committee Meeting 
April 26-27, 1945 


Palmer House, Chicago. 


Presiding: President R. J. Teetor 
Present: President R. J. Teetor 
Vice President F. J. Walls 
Directors: W. B. Wallis 
I. R. Wagner 
L. C. Wilson 
S. V. Wood 
| [his meeting was called primarily as an executive session 
for the purpose of giving thorough consideration to the fun 
tions of the members of the Staff at the National Office and 
to consider, especially, recommendations that might properly 
be made to the Board of Directors at the July meeting relating 
to the retirement of Treasurer C. E. Hoyt and a reassignment 
of duties to Secretary Robert E. Kennedy. 
) Ed Hoyt has sought to retire as an active officer of the 


Association from time to time over a period of several years, 
but has continued to respond to needs of the Association as 
they have developed with the broadening of its functions and 
increases in its membership. The Executive Committee, afte1 
very careful deliberation unanimously approved the proposal 
made by Treasurer Hoyt in this connection and offered the 
following recommendation to the Board of Directors, to-wit: 
That C. E. Hoyt be retired as Treasurer on August 1, 1946, 
at a mutually agreed retirement pay; and further, that any 
actual services after August 1, 1946, that may be requested by 
the Association of Mr. Hoyt and which he performs, shall be 
recognized by suitable compensation in addition to his retire- 
ment pay. 

3. With full consciousness of the responsibility of the Execu- 
tive Committee and the Board of Directors as to the services 
which should properly be required from Secretary Robert E 
Kennedy, in the light of health warning signals which have 
appeared during the last year and a half, it was the unanimous 
conviction of the Executive Committee that in order to pre- 
serve to the Association for the longest period possible, the 
inspiration and to a limited extent the services of Secretary 
Kennedy he should be immediately relieved of all duties as 
the chief executive of the Association. 

It was the further unanimous recommendation of the Ex- 
ecutive Committee and with the complete approval of Robert 
E. Kennedy that he be retired as Secretary effective August 1, 
1945, at retirement pay of a mutually agreed amount per 
annum. 

It was further recommended by unanimous action of the 
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Committee that in recognition of his long and unselfish service 
to the Association in the capacity of Technical Secretary and 
of Secretary that Robert E. Kennedy be accorded the title of 
“Secretary Emeritus” of the American Foundrymen’s Associa 
tion, and that his services be used at such times and to such 
extent as convenient to him in carrying out any special projects 
for the good of the Association and in which he may have 
interest, such projects to be carried out under the direction 
of the then Secretary of the Association. It is to be understood 
that in the acceptance of the above provisions if awarded by 
the Board of Directors, Secretary Robert E. Kennedy was to 
consider himself under no obligation at any time to perform 
any function but was to be made welcome as “Secretary 
Emeritus’ at his convenience 

} It was the unanimous recommendation of the Committee 
that Norman F. Hindle be retained as Director of the Tech 
nical Development Program at such salary as may be approved 
by the Board. 

5 It was the unanimous recommendation of the Committec 
that Business Manager William W. Maloney be designated to 
fill the vacancy of Secretary at August 1, 1945, at an annual 
salary of a mutually agreed amount. 

6. It was recognized that the form in which these unanimous 
recommendations of the Executive Committee were presented 
may well be subject to criticism, but the gist of the Commit- 
tee’s deliberations were placed before the Board. 

Such comments as have been made in regard to the serv- 
ices of Ed Hoyt and Bob Kennedy could not possibly be con- 
sidered as an adequate recognition of what they have done for 
the Association. Proper formulation of a recognition of that 
character will have to be left to a later moment and to better 
recorders. But the Committee did find it quite impossible to 
set forth their deliberations with the usual brevity of form with- 
out interjecting something of the sentiments expressed during 
the meeting and the hope for many years more of useful con- 
tacts with A.F.A. by these two revered and loved executives. 


Respectfully submitted, 
R. J. Terror, Presideni 


F. J. WALLs 
W. B. Watts 
I. R. WAGNER 


L. C. Witson 
S. V. Woop 














Minutes of the Executive Committee Meeting 


Palmer House, Chicago, 


1. Present: President R. J. Teetor 
Vice President F. J. Walls 
Directors: W. B. Wallis 
I. R. Wagner 
L. C. Wilson 
Secretary R. E. Kennedy 
freasurer C. E. Hoyt 
lechnical Development Director N. F. Hindle 
Business Manager W. W. Maloney 
Assistant Treasurer J. Reininga 
Absent: Director S. V. Wood 


2 Reading of Minutes 

The meeting was called to order by President Teetor and 
at his suggestion the reading of the minutes of the January 
16, 1945, meeting was dispensed with, having been submitted 


by mail and approved. 


}. Discussion of AMERICAN FOUNDRYMAN Advertising Policy 

Business Manager Maloney reported on results to date 
from the solicitation of advertising on a monthly basis. He 
stated that, based on W.P.B. paper permits as of November, 
1944, it was estimated that a total of 320 pages of advertising 
could be accepted in AMERIGAN FouNDRYMAN for the eight 
months, May-December inclusive, 1945. As of July 1, a total 
of 310 advertising pages had been reserved or run in the 
monthly magazine. 

It was pointed out that Board authority to accept adver- 
tising in monthly issues covers only 1945, and no commitments 
beyond December, 1945, have been made. Discussion followed 
as to advisability of continuing the Program. 

On motion by Director Wilson, seconded by Director 
Wagner, it was unanimously voted: 

“That the Executive Committee recommends, on the 
basis of the figures presented, continuing the accept- 
ance of advertising in the AMERICAN FOUNDRYMAN, 
and that the Quarterly TRANSACTIONS be discon- 


tinued as now.” 


+. Report of Committee on Chapter Contacts 
Chairman Wagner briefly reported on the Chapter Con- 
tacts Committee and stated that every chapter had been visited 


during the year 


5. Membership Eligibility 

The question of submitting new membership applications 
to the chapter membership committees to determine eligibility 
was discussed, and it was decided that this should be given 
further consideration at the Chapter Chairman Conference. 


6. Chapter Organization Possibilities 

President Teetor reviewed past policy followed in regard 
organization of new chapters with the thought in mind that 
some definite plan should be established in adding to the pres- 
ent number of chapters. It was suggested that the sub-group 
idea should be encouraged and that a systematic plan should 
be devised in organizing these special groups, with due con- 
sideration for neighboring chapters. 


7. 1946 Convention and Exhibits 
Business Manager Maloney commented on prospects for a 
convention in 1946, as well as an International Foundry Con- 


Ill, June 15, 1945 


gress in conjunction with the 50th Anniversary meeting, and 
after a brief discussion, Vice-President Walls moved: 
“That a recommendation be made to the Board to 
proceed with plans for the 1946 International Foun- 
dry Congress.” 
Motion seconded by Director Wallis and carried. 
8. Report on Solicitation Results for the Technical Develop- 
ment Program 
Treasurer Hoyt reported briefly on direct-by-mail efforts 
in soliciting contributions for support of the Technical De- 
velopment Program. 


9. Report on Activities of Technical Development Program 

Mr. Hindle reported on activities of the Technical De- 
velopment Program, and in the absence of S. V. Wood, Chair- 
man of the Technical Development Program Advisory Com- 
mittee, raised the question of establishing a clearer policy in 
regard to research projects acceptable for TDP sponsorship. 
The Executive Committee emphasized the undesirability of 
conducting solicitations of funds for projects of specific inter- 
est, rather than of general interest, in the name of A.F.A., but 
agreed that the TDP Advisory Committee should be held re- 
sponsible for acceptance of projects submitted for TDP spon- 
sorship. 

The suggestion was made that the TDP Advisory Com- 
mittee present a resolution to the Board of Directors, for their 
approval, reflecting the Committee’s views on a proper basis 
for acceptance or rejection of projects offered. 


10. Treasurer's Report 
Treasurer Hoyt presented the Budget Reports and Receipts 
and Disbursement Statements of the regular activities and 
Technical Development Program for period ending May 31, 
1945. The advisability of investing some of the unused assets 
in treasury notes was discussed, and it was moved by Vice- 
President Walls, seconded by Director Wallis: 
“That $40,000 of the General Fund and $5,000 of 
the Cupola Research Fund be invested in 142% 
Treasury Notes.” 
Motion unanimously carried. 


11. Membership Report 

Chairman Walls gav* a brief report on the status of mem 
bership, and commented favorably on the steady increase in 
members. He suggested that particular attention should be 
given to any cancellations, especially in regard to Sustaining 
memberships. 

On motion, seconded, and carried, the report was ap- 


proved. 


12.1945 Annual Business Meeting 

Secretary Kennedy outlined plans for the 1945 Annual 
Business Meeting, to be held the evening of Wednesday, July 
18th. He announced that the annual dinner would be held in 
conjunction with the Chapter Chairman Conference and Board 
of Directors meeting, and that all members in the Chicago 
Chapter were being invited to attend. 


13. Report of Ordnance Department Contact Committee 
Secretary Kennedy reported on the activities of the Ord- 
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nance Contact Committee, stating that they had one inquiry 
from the Frankford Arsenal, which had been very ably handled 
by the Non-Ferrous Section of the Committee 


14. Report on Reclassification of Treasury Department Ruling 
Mr. Hoyt reported on the classification of the Associa- 
tion by the Internal Revenue Department and stated that this 
should be changed from Section 101(6) to Section 101(7) in 
keeping with the fundamental purposes of A.F.A. After some 
discussion, Mr. Wilson moved: 
“That authority be given to employ the necessary 
counsel to advance the matter of reclassification with 
the Internal Revenue Department.” 
Motion seconded by Director Wagner and carried 
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15 Policy on Future Distribution of 1FA Publications 
Members 
The matter of free publications to members was discussed 
resulting in a motion by Director Wallis 
“That the policy of not giving free books to members 
be continued for another year 
Motion seconded by Director Wagner and carried 
There being no further business, the mecting was ad 
journed 
Res pec fully submilled 
R. E. Kennepy, 


Secretary 


Minutes of Annual Meeting 1944-45 Board of Directors 
Palmer House, Chicago, Ill. July 18, 1945 


1. Presiding: R. j. Teetor, President 
Present: President R. J. Teetor 
Vice-President F. J. Walls 
Directors (1944-45): 
J. E. Crown 
D. P. Forbes 
R. M. Jacobs 
Max Kuniansky 
S. D. Russell 
R. T. Rycroft 
H. S. Simpson 
Joseph Sully 
I. R. Wagner 
W. B. Wallis 
L. C. Wilson 
S. V. Wood 
W. L. Woody 
Absent: Directors: F. J. Dost 
Harry Reitinger 
J. H. Smith 
Also Present: Directors (newly elected) : 
G. K. Dreher 
E. W. Horlebein 
H. H. Judson 
F. M. Wittlinger 
Staff: Secretary R. E. Kennedy 
Treasurer C. E. Hoyt 
Technical Development Director N. F. Hindle 
Business Manager W. W. Maloney 
Assistant Treasurer J. Reininga 
2. Minutes of the following meetings were read and approved. 
Board of Directors’ meeting January 17, 1945 
Special Executive Committee meeting February 6, 
1945 
Executive Committee meeting June 15, 1945 
Reading of the Minutes of the Executive Committee meet- 
ing held April 26 - 27, 1945, was temporarily deferred. 


? 


3. Financial Report 

The auditor’s report on A.F.A. finances for the fiscal year 
ending June 30, 1945, was presented by Treasurer C. E. Hoyt, 
in the form of Balance Sheet and Statement of Income and 
Expenses for both the General Funds and the Technical De- 
velopment Program. 

Commenting on the comparative figures for recent years, 
the Directors stressed the desirability of operating the Asso- 
ciation on a self-sustaining basis during non-exhibit years as 
well as exhibit years, without the necessity of transferring funds 
from exhibit year surpluses for operations during non-exhibit 
years. It was felt desirable that any profits from exhibits should 
go into surpluses or reserves, rather than be used for operating 
expenses, 

Director L. C. Wilson, as Chairman of the Finance Com- 
mittee, stated that it should be possible to budget for 1945-46 
without appropriating from 1944-45 income, providing there 
is no drastic change in the present financial picture. Treasurer 


Hoyt stated that budget calculations for 1945-46 were based 
partly on continued success in the sale of advertising space in 
AMERICAN FOUNDRYMAN, in the light of space sales and reset 
vations thus far for the calendar year 1945 

On motion by Director Woody, seconded by Director 


Rycroft, the Treasurer's report was accepted 


4. AMERICAN FOUNDRYMAN Advertising 

Resolutions received from the Foundry Equipment Manu 
facturers’ Association and the Foundry Supply Manufacturers’ 
Asociation were read, both requesting the A.F.A. Board to re 
consider its action on acceptance of monthly advertising in 
AMERICAN FOUNDRYMAN. Reference was made to the Minutes 
of the Special Executive Committee meeting held February 6 
with Directors of F.E.M.A., and the opinions expressed at that 
time and since by members of F.E.M.A. regarding advertising 

Discussion by the Directors brought out a number of 
points pertaining to reception by A.F.A. members, service pet 
formed by the magazine, and advertising revenues and reserva 
tions to date. Action taken by the Board was embodied in a 
motion by Director Woody that President Teetor communicat 
to the F.E.M.A. and F.S.M.A., the A.F.A. Board's reasons 
why its previous action regarding advertising for 1945 could 
not be reconsidered. This motion was seconded by Director 
Wilson and passed. 

No action was taken on the question of advertising in 
AMERICAN FOUNDRYMAN beyond 1945, this question being de 
ferred to the new Board. 


5. Staff Re-organization 

Minutes of the Executive Committee meeting held April 
26-27, 1945, were read and discussed in Executive session. As 
a result, and in consideration of the necessity for progressive 
action by the new Board regarding staff organization, the fol 
lowing motion was moved, seconded and carried: 


That the 1944-45 Board of Directors approves and 
recommends to the 1945-46 Board for adoption, the 
Executive Committee’s recommendations of April 26 
27 as modified by the old Board 


6. Membership Report 

Vice-President F. J. Walls, as Chairman of the National 
Membership Committee, presented a summary of memberships 
as of June 30, 1945, pointing out the continued rapid growth 
of the Association, with an increase of 1,200 members during 
the past year, to a new high of 7,815 total. Vice-President 
Walls particularly praised the work of the Chapter Member- 
ship Committees in accomplishing this remarkable gain 

A report on the receipt of dues since July 1, 1945, was 
given by Assistant Treasurer Jennie Reininga, indicating that 
the new dues structure effective July | was being well received 


by the membership 


7. Secretary's Report 


Secretary R. E. Kennedy submitted a mimeograph report 
covering the duties of his office during the past year. He 





XXXVI 

pointed out that four new chapters had been formed during 
1944-45, making the total number of chapters 31, with 93.4 
per cent of all members holding chapter affiliation. The report 
included a review of Technical Committee work, the formation 
of the Technical Development Program and inauguration of 
the AMERICAN FOUNDRYMAN in new and approved form 


8. Technical Development Program Réport 

N. F. Hindle, Director of T.D.P., presented an extensive 
report covering the first year of T.D.P. operation, analyzing 
its publication, research, library and educational activities 


9. Chapter Contacts Committee Report 

Director I. R. Wagner, as Chairman of the Chapter Con- 
tacts Committee, reported briefly, with special reference to the 
holding of National Officers’ Nights by the chapters during 
1944-45, and a first annual Chapter Chairman Conference 
held in August, 1944. He stated that a great deal of good had 
been accomplished in establishing closer relations and better 
understanding between the chapters and the National Offi 
cers and Directors and Headquarters Staff. 


10. Report of AMERICAN-FOUNDRYMAN Policy 

Committee 

Director 1D. P. Forbes, as Chairman of the AMERICAN 
FOUNDRYMAN Policy Committee, presented a_ brief report 
covering the improvement in the magazine, its broader and 
more extensive editorial content and the addition of adver 
tising pages effective with the May, 1945, issue. 


11. New Chapter Possibilities 

Secretary R. E. Kennedy reported on _ possibilities for 
establishing new chapters, stating that interest has been shown 
in setting up new foundry groups in Western Massachusetts, 
Vancouver, B.C., and Peoria, Illinois. 


12. Technical Development Program Funds 

Treasurer C. E. Hoyt reported on results obtained in the 
solicitation of funds for the Technical Development Program 
He stated that it was planned to continue such solicitation for 
the remainder of 1945, with some additional concentration de 
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the balance of 1945, with some additional concentration de- 
voted to the latter four months of the year 


13. Resolutions on Henry D. Miles 

President Teetor called to the attention of the Board, 
with deepest regrets, the recent death of Past Presidert H. D 
Miles. Director Simpson moved, Director Crown seconded and 
the Directors voted unanimously to instruct C. E. Hoyt as the 
\lumni Secretary to prepare a suitable resolution for spread- 
ing on the Minutes of the Association and for transmission to 
the bereaved family of Henry Miles, the Association’s deepest 


sympathy and sorrow. 


14. Endowment Fund 

President Teetor called attention to the splendid work 
performed for the Association by Director and Past President 
H. S. Simpson and announced that Director Simpson had of- 
fered to endow in the Association a fund which might possibly 
be utilized for the founding of an A.F.A. Gold Medal Award 
or similar memorial to the memory of Peter L. Simpson, de- 
tails to be worked out under the jurisdiction of the new Board 


15. President's Recommendations 
As the retiring President, President Teetor submitted to 
the new Board his recommendations pertaining to conduct of 
A.F.A. affairs during the coming year. He paid special tribute 
to the 1944-45 Executive Committee, consisting of Messrs 
Walls, Wood, Wallis, Wilson and Wagner, and their willing- 
ness to give valuable time for the several meetings held during 
the past year, and the constructive work they performed on 
every occasion 
President Teetor then announced the retirement of Di- 
rectors J. E. Crown, H. S. Simpson, I. R. Wagner and W. L 
Woody and paid every man tribute for his work on the Board 
during the past three years. 
There being no further business, President Teetor ad- 
journed the meeting 
Respectfully submitted, 
R. E. KENNEDY, 


Secretary. 
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AMERICAN FOUNDRYMEN'S ASSOCIATION 


Third Foundation Lecture—!945 


“THERE should be no hesitation 

| in talking to foundrymen on the 
subject “Solidification of Metals.” 
We live by pouring liquid metal into 
molds and selling the solidified object 
to a customer. Like it or not, the 
foundryman must be concerned with 
the question of producing a frozen 
piece of metal having a desired form, 
free from injurious voids, and of a 
micro-structure and macro-structure 
consistent with certain desired phys- 
ical properties. Furthermore, for 
competitive reasons, it is desirable to 
accomplish this end with a minimum 
expenditure, whether of money ot 
labor 

We may disregard any question 
of what constitutes reasonable con- 
formity to perfection in these mat- 
ters, and confine our attention to 
the principles underlying the attain- 
ment of any desired results. These 
will be found to fall into three 
principles underlying 
the conduction of heat through 


( lasses: | } 


materials; (2) physical properties of 
the metals and mold refractories 
with which we have to deal: and 
3) laws underlying the crystalliza- 
tion of solids from the liquid state 
All these have been extensively 
studied, some of them over many 
years. Despite this there are many 
gaps in our knowledge and much 
work remains to be done. 


Heat Transfer 

Che fundamental relation describ- 
ing the conduction of heat through 
a solid body is called “Fourier’s 
law,” and states that the quantity 
of heat transferred across a unit 
area within a body in a unit time is 
proportional to the thermal gradient 
perpendicular to this area. The con- 
stant of proportionality which gives 
the actual quantity of heat trans- 
ferred per square centimeter in one 
second if the gradient be 1° centi- 
grade per centimeter is represented 


by the symbol k and is called 


*Manager of Research, National Malleable & 
Steel Castings Co. 


Solidification of Metals 


By Harry A. ScHWARTz*, 


CLEVELAND, OuiIo 


“thermal conductivity.” It differs 
from substance to substance and 
changes with temperature for any 
given substance 

Che study of heat transfer falls at 
once into two classes The first 
known as the steady state, represents 
the transfer of heat through a solid 
within which there is a temperature 
gradient but no point in which 
changes temperature. The transfer of 
heat through a surface condenser 
from a hot steel surface, in contact 
with steam, to a cold surface of the 
same steel, in contact with water, is 
an illustration of such heat transfe1 
Its mathematical treatment, whether 
the flow of heat be linear, radial in 
a single plane, or radial in three 
dimensional space, is quite simple 
The conduction of heat into or 
through a body which itself changes 
temperature in the process, as for 
example the cooling of a hot object 
when immersed in a quenching bath, 
or the heating of the sand in a mold 
filled with hot metal, is mathemati- 
cally far more complicated. The 
foundation for the study of such 
problems was laid in 1822 by Napo- 
leon’s mathematician, Fourier, whose 
great contribution was a method of 
attack for evaluating the differential 
equations which could be set up in 
the light of the law bearing his name. 

The problems which can be ade- 
quately dealt with by mathematical 
means are, however, somewhat lim- 
ited. Rigidly speaking, it is possible 
to deal only with certain mathemati- 
cally simple cases. The principal 
ones are the transfer of heat into or 
out of the so-called semi-infinite solid 
which is considered to be an in- 
definitely large mass having one face 
accessible to heat input or output, 
in an indefinitely large flat plate, in 
an indefinitely long cylindrical rod, 
and in a sphere. The transfer of heat 
between two bodies in contact with 
each other can be handled only if 
both bodies are of the same material 
or if the two materials have identical 


thermal properties, which would not 
happen unless they were identical 
Analysis of the Fourier type becomes 
very difficult if the specific heat of 
the substance changes materially 
with temperature, as it does for most 
substances, and becomes practically 
impossible if the heat content is not 
a continuous function of tempera- 
ture: that is, if the substance changes 
from solid to liquid, absorbing heat 
without change of temperature, or 
vice versa. His analysis does not 
apply to the transfer of heat through 
fluids, which is largely accomplished 
by convection currents, becaus¢ 
Fourier’s analysis is based only on 
the transfer of heat by conduction 

The thermal properties of sub- 
stances can be studied with sufficient 
precision, for heat transfer calcula- 
tions without overwhelming diffi- 
culty, except at high temperatures 
where the experimentation meets 
with practical handicaps. We are con- 
cerned primarily with the density, 
the specific heat, and the thermal 
conductivity, all as functions of tem- 
perature, and with latent heats of 
fusion and transformation, where 
these are involved. Physical chem- 
istry gives us some guide to general- 
ization and those who have con- 
cerned themselves with the structure 
of matter are adding to our funda- 
mental knowledge of these subjects. 
Since there are vast numbers of ma- 
terials, we necessarily lack definite 
data about many. It is natural, how- 
ever, that the thermal properties 
have been studied most frequently 
for the most common and indus- 
trially most important substances, so 
that this lack is not too serious. The 
experimentor can inform us on, the 
changes in thermal properties with 
temperature for, this or that sub- 
stance, but this does not necessarily 
help us much in the applications we 
wish to make. 

When either pure metals or eutetic 


alloys of several metals freeze, the 
composition of the solid is the same 





as that of the liquid. In all other 
cases freezing is “selective.” That is, 
the composition of the solid material 
differs from that of the liquid ma- 
terial. Also, the composition of both 
the solid and the liquid phases 
changes with temperature during the 
In selective 


process ol freezing. 


freezing the substance does not 
change its state sharply at a single 
temperature, as do the pure metals 
and the eutectic alloys, but freezing 
takes place over a temperature in- 
terval. It is very simple to calculate 
the relative amounts of solid and 
liquid which should exist in equi- 
librium with one another at any 
given temperature within the freez- 
ing range if we knew the composi- 
tion of the two phases. In many 
cases these compositions can be cal- 
culated from very fundamental 
thermodynamic constants of the sub- 
Stance. takes 
place too rapidly, equilibrium will 
not be attained, and the results will 
not conform with prediction. The 
rate of formation of the solid metal 
will be influenced by the number of 
nuclei or centers of crystallization 
which can form under the tempera- 
accompanying a 


If, however, cooling 


ture conditions 
given cooling rate, and upon the 
rate at which solid crystals can grow. 
All who have observed the crystal- 
lization of “rock candy” from satu- 
rated solutions will realize 
that, generally speaking, crystals do 
not form at indefinitely rapid rates, 
but that their growth is a process in- 


sugar 


volving time. 


Ultimate Desire to Obtain 
Solid Castings 

What the foundryman wishes ulti- 
mately to attain is a control of 
solidification in such a way that the 
voids, be they inter-dendritic and on 
a microscopic scale, or large shrinks, 
can be filled up by a supply of new 
metal so as to produce a solid cast- 
ing. The fundamental principle is 
that solidification shall begin at those 
parts furthest removed from the last 
remaining source of liquid, and shall 
progressively approach this source. 
In foundry terms, freezing should 
take place toward the feeder. This 
known as 

and has 
writers, 


generally 
solidification 
many 


process is 
progressive 
dealt 
among whom Briggs and Gezelius 
should be particularly mentioned. 
When attained, progressive or direc- 
solidification incon- 


been with by 


tional may be 


sistent with the prevention of cracks 
or tears. 

Unfortunately we can not comply 
literally with the foundryman’s re- 
quest for a rigid treatment of the 
subject from the viewpoint which is 
of practical importance to him, but 
we can play the role of interpreter, 
explaining the scientific application 
which must be considered in secur- 
ing the ends he desires. 

A distinguished once 
said that unfortunately no patient 
ever presented the exact clinical pic- 


physician 


ture described in the text books as 
characteristic of a given disease. Un- 
fortunately this is true also with re- 
gard to castings. None of them ever 
comply with all the requirements 
necessary to permit of rigid theoreti- 
cal discussion. One is, therefore 
forced to deal with simplifying ap- 
proximations, which in effect provide 
a simpler analogy of a problem near 
enough to the facts so that the con- 
clusions will be applicable within the 
none too rigid requirements of the 
foundry. The greatest opportunity 
for research in this field perhaps 
lies in a study of how nearly such 
simplifying assumptions will repro- 
duce the facts, and what simplifying 
assumptions are warranted. Some 
progress has already been made in 
this field. There are several instances 
in which one can be rather sure that 
the error of calculation is on the 
safe side. Then one may be reason- 
ably confident of attaining this pur- 
pose, although it may be that the 
means are more drastic than neces- 
sary. The most comprehensible way 
in which one can interpret for the 
foundry technician the scientific 
basis of his art, is probably in the 
form of a more detailed and illus- 
trated discussion of the three fields 
already referred to, accompanied by 
examples illustrating these principles. 
This is the purpose of the remainder 
of your speaker’s paper. 


Solidification of Pure Metals 


The logical beginning for any dis- 
cussion of solidification is considera- 
tion of how substances freeze. To 
the scientist this means a study of 
equilibrium conditions between two 
phases (solid and liquid). the foun- 
dation for these considerations was 
laid in the late 70's of the last cen- 
tury by that transcendent genius, 
Josiah Willard Gibbs, at Yale. Gibbs 


originated a concept now called 
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“free energy.” The free energy of ; 
substance may be thought of as the 
amount of useful mechanical work 
which its heat content above th 
absoluie zero could be made to per- 
form. The free energy is not identi- 
cal with the heat energy content 
because of the existence of entropy 
about which we need not puzzle our 
minds here. The foundryman need 
only remember that the free energy 
of a substance (per gram molecule 
is a fixed and specific thing, calcula- 
ble for any temperature and pres 
sure. As a first approximation, solid 
and liquid metals do not change 
much in free energy with changes 
in pressure, but change greatly in 
free energy with temperature. 

It is among the most fundamental 
of scientific facts that if a mixture 
of components in given amounts can 
be imagined to exist in any one of 
several states, then the system will 
spontaneously approach that state in 
which the free energy content is 
least. Unlike most human beings, 
the system wishes to do all the useful 
mechanical work possible, rather 
than the least amount. Considera- 
tion may well be limited to what 
happens at atmospheric pressure and 
the phrase ‘“‘at atmospheric pressure” 
will not be needlessly and tediously 
If and when we need to 


repeated. 
that fact 


consider other measures, 
will be noted. 

Now, what has all this to do with 
the freezing of metals? Consider 
Fig. 1. In that figure we have two 
rather long curved lines representing 
the free energy content of some un- 
named substance in the liquid and 
solid states, expressed as a function 
of temperature. At low temperatures 
the free energy of the liquid state 
is higher than that of the solid state 
and the system will tend toward the 
state of lowest free energy; that is, 
the substance will solidify. At 
higher temperature the reverse is 
true and the substance will tend to 
become a homogeneous liquid. At 
the intersection of the two lines 
neither substance has the higher free 
energy, and at that temperature th 
substance can exist as a mixture « 
solid and liquid without either tr 
ing to go over into the other. The 
temperature at which this intersec- 
tion takes place is then the melti 
point. So far all that has been said 
may be looked upon as a needless 
complex way of stating the ve 
simple fact that a pure substance hs 
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a sharp melting point. This simple 
statement, however, does not suffice 
for our consideration. For practical 
reasons we must take cognizance of 
the fact that the melting point of 
substances, when very finely divided, 
is different from that usually deter- 
mined. 

For this we require the following 
explanation, which, though it may 
appear abstruse, will presently be 
found to have much to do with the 
grain size of a frozen metal. When 
a particle of solid is immersed in a 
liquid, the pull upon an atom in 
the surface of the particle is not 
symmetrical. The atoms inside of the 
solid will generally pull an atom 
in the surface inward more strongly 
than the neighboring atoms in the 
liquid pull it outward. The result 
is that substances wish to decrease 
the ratio of their surface to their 
volume when immersed in other sub- 
stances. This they can do by assum- 
ing more and more nearly spherical 
shapes or by the coagulation of many 
particles into one. The behavior of 
spilled mercury illustrates both prin- 
ciples. Here the mercury is, of course, 
immersed in air. If the experiment 
were made in vacuum, the phe- 
nomenon would be even accentuated, 
for there would then be no outward 
pull. In any event we can add to the 
free energy of the solid substance in 
Fig. 1, an additional amount repre- 
surface energy. This 
amount varies with the sizes of the 
particles, being large when the par- 
ticle is small, and small when the 
particle is large. Quantitatively the 
free energy varies inversely as the 
cube root of the particles’ mass. If 
our line for the free energy of the 
solid is representative of individually 
particles, the short dotted 
curves of Fig. 1 will represent the 
addition made by free surface energy 
for rather small particles. The entire 
figure is schematic only. The increase 
in surface energy, AF, is 

2av 


wea 


senting the 


large 


when o is the surface energy (cal. 
per square cm.), uv is the molal 
volume, and r the radius of the par- 
ticles. We now observe that with 


decreasing particle sizes, the melting 
point goes in the direction of lower 
temperatures. Let us consider now 
that the temperature is somewhat 
to the left of the intersection of the 
two principle lines in Fig. 1. The 





Fig. |—Schematic. 


atoms in the liquid metal are in 
constant motion. Frequently, as the 
result of chance, two atoms will be 


at the right distance required for 


the growth of a crystal. Less fre- 
quently three atoms will be at the 


r 


Free Energy Relations Explaining Change of Freezing Point with Particle 


right distances and directions to 


form part of the crystal, and this 


will be less and less likely the more 
atoms are expected by accident to 
reach the positions required to rep 
crystal. Nevertheless 


resent a_ solid 
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Fig. 2—Depression of Freezing Point in Thin, Hence Quickly Cooled Sections. (Schneidewind 


and d'Amico.}) 











Fig. 3—(a) Steel Frozen from Many Nuclei. 


(b) Steel Frozen from Few Nuclei. Approxi- 


mately Full Size. 


such aggregations are constantly 
forming. The size of these potential 
crystals is, of course, proportional to 
the number of atoms. If this size is 
great enough so that the free energy 
of a partic le of this size is less than 
of the liquid, the nucleus will con- 
grow. If the particle is 
smaller, so that its energy is 
greater than that of the liquid, it 
will re-melt and disappear. The 
quantitative treatment of the subject 
would be complex, but it will be 
plain that as the temperature falls, 
the sizes of the aggregations which 
must form by accident, if they are 
to continue to live as solids, becomes 
less and less. We have, therefore, the 
phenomenon that when a substance 


tinue to 
free 


is cooled rather rapidly to some dis- 
tance below the melting point, crys- 
tallization will proceed from more 
and the 
greater the degree of supercooling. 


more surviving nuclei 


Supercooling 


“But,” you will say, “how can you 
possibly supercool a liquid metal be- 
low its melting point without its 
solidifying?”” The answer is two-fold. 
First, that it can be done in practice, 
as is shown in Fig. 2, and second, 
that there is a 
All crystalline 
is called a linear velocity of crystal- 


good scientific reason. 
substances have what 
lization. This represents the rate at 
which the substance can take atoms 
and build them, layer by layer, upon 


its own surface. It varies somewhat 


from substance to substance, but 
within any range of supercooling 
with which we may be concerned, 


it does not vary significantly with 
temperature. If we consider the 


growth of a single crystal from a 
liquid, it can only give off heat at 
a rate proportional to its surface 
area multiplied by its linear crystal- 
The constant of 


of course, the 


lization velocity. 
proportionality is, 


latent heat of fusion (per unit vol- 
ume). It may be, therefore, that in 
a given experimental set-up, heat }s 
withdrawn from the liquid faster 
than it can be liberated by the 
growth of the existing crystals, in 
which case the liquid would fall in 
temperature and supercooling would 
take place. Observe that if but few 
crystals are growing in a given vol- 
ume of liquid, the heat given off by 
crystallization per unit time will be 
less than if many crystals are grow- 
ing. Consequently supercooling is 
favored by the elimination of nuclei. 


Grain Size 


Perhaps an apology is necessary 
for assuming in the preceding dis- 
cussion that single crystals of metal 
grow from a nucleus. Single crystals 
of many metals can be grown under 
very unusual conditions, but the 
aggregate growing around a single 
nucleus is actually a mass of very 
small crystals (crystallites). 
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The significance of nuclear nu 
ber to grain sizes is well illustrat 
in Fig. 3. Both (a) and (b) are 
termediate carbon steel of essentia 
the same composition. The ar 
shown are from near the middle 
a fairly large ring of fairly la 
cross-sectional area. In Fig. 3 
the freezing was allowed to go 
with. but little outside interferen 
The metal! cooled slowly; many 
nuclei formed and the bulk of th 
illustration consists of a mass of 
rather small crystal aggregates. In 
Fig. 3 (b), the early forming nuclei 
were removed from the liquid by 
centrifugal force. The mass the: 
cooled without many centers of 
crystallization, and the illustration 
shows the small crystallites accumu 
lated in the bottom where they have 
settled under centrifugal force, and 
the remaining liquid frozen in very 
large dendrites, starting from very 
few centers of crystallization. 


Growth of Crystals 


The actual manner of growth of 
a crystalline mass from liquid metal 
is of more than passing interest 
Fig. 4 shows a mass of crystals of 
nearly pure magnesium, which have 
been deposited from magnesium 
vapor at low pressure. The great 
perfection of the individual crystals 
and their arrangement into branch- 
ing assemblages is both interesting 
and beautiful. 

In Fig. 5 see the habit of 
growth of extremely pure bismuth 
when freezing. The original crystal- 


we 





Fig. 4—Crystals of Pure Magnesium Condensed at Low Pressure from Vapor. 


(Courtesy 


K. H. Donaldson.) 
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Fig. 5—Eumorphic Crystals of Pure Bismuth. (Courtesy of K. H. Donaldson.) 


tes have placed themselves with 
their diagonals perpendicular with 
the surface from which heat is re- 
oved, and the aggregate has then 
grown by the deposit of additional 
crystallites in the direction of the 
diagonal planes of these cubes. In 
some cases of selective freezing, par- 
ticularly, the growth of the solid 
takes place in a dendritic pattern. A 
rod-like assemblage of crystalllites 
grows in the direction of one axis 
of an octahedron. Branches grow 
from this stem parallel to the two 
other octahedral axes and from 
each of these branches, twigs grow 
parallel to the two axes at right 
ingles to the branch. Crystallites of 
this type are sometimes found in the 
shrinkage cavities of large steel ingot 
heads. One found many years ago 
by the Russian, Tchernoff, has been 
photographed and reproduced in 
any standard texts. The form of 
these dendrites is well shown in the 
ow power micrograph reproduced 
as Fig. 6. The form in which metals 
are deposited in freezing from the 
iquid is considerably dependent 
upon the temperature gradient 
where the metal is crystallizing, and 
hence upon cooling rate. If, for ex- 
imple, heat is extracted rather rapid- 

so that the remaining liquid meta! 
‘ appreciably hotter than the freez- 
ng point, then the first nuclei will 
orm at or near the mold surface. 
\s the metal cools inward, pseudo 
rystals will grow inward in a col- 
imnar form, all of the heat taker 
rom the surface being supplied by 


the freezing of liquid at the ends of 
these columns. The interior of the 
metallic mass remains too hot for 
any new nuclei to form inside and 
grow into an equi-axed pattern. This 
state of affairs is well illustrated by 
the freezing of zinc in iron molds, 
which, on fracture, habitually shows 
the columnar structure shown in 
Fig. 7. This condition is evidently 
further favored if the conductivity 
of the solid metal is much greater 
than that of the liquid, for then the 
temperature at the end of a col- 
umnar crystal will be below that of 


the liquid on each side of it 

The question of how crystals grow 
when metal freezes in a mold is of 
more than academic interest If the 
assumption could be made that th 
freezing metal was deposited as 
laver of uniform thickness against a 
mold wall the proble m would be in 
its simplest form from the foundry- 
man’s viewpoint. He would then 
know precisely to what extent the 
flow of metal through the partially 
frozen casting was obstructed when 
a given degree of solidification has 
taken place. If the metal freezes by 
the growth of dendrites at right 
angles to the mold wall, the problem 
is far more complicated. In that 
case we have no sharp plane of de 
marcation between the liquid and 
the solid, but a zone in which solid 
tree-like growths have extended into 
the still molten material. These 
growths make the distance to which 
solid material extends from the wall 
decidely greater than it would have 
been had the metal been deposited 
as a solid layer, and furthermore 
they obstruct the flow of liquid metal 
through them, just as undergrowth 
on the banks of a stream in flood 
retard the flow of water. Their pres- 
ence makes the properties of viscosity 
and surface tension of importance in 
considering the ability of liquid 
metal to feed porous areas by flow- 
ing into them when they are filled 
with a sponge-like growth of den- 





Fig. 6—Dendritic Freezing Pattern in Unidentified Iron Alloy. 


50. (Payne in Author's 


Laboratory.) 
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Left Fig. 8—Schematic Diagram Illustrating Partial Molal Free Energies of Components of a 


Solution. 
Solution of Concentration A. 
Equilibrium. 


e and f: Hence Liquids of These Concentrations Are in Equilibrium. 


F, and Fy are the Partial Molal Free Energies of Components A and B in a 
Right—Fig. 9—Free Energy Relations of Two Solutions on 
The Partial Molal Free Energies of A and B Are Each the Same at Points 


At A the Partial Molal 


Free Energy of B Is That of the Pure Substance and the Liquid Is in Equilibrium with the 
Pure Component. 


dritic axes. 


Solidification of Complex Alloys 


We have so far considered the 


solidification of a pure substance, 
where of necessity the composition 
of the solid and liquid is the same. 
This is a very exceptional case in 
actual practice, for few commercial 
metals are not alloys of two or more 
elements. In these cases the liquid 
always contains all the elements 
present and the solid usually con- 
tains than one. Such sub- 
stances do not have a sharp freezing 
point, but freeze over a range of 
temperature. Within this tempera- 
ture range they are partly solid and 
partly liquid, and we will now direct 
our attention briefly to the relative 
compositions and quantities of the 
liquid and solid phases. 

Here we may turn for a starting 
point again to the principles arising 
out of Gibbs’ pioneer work on heter- 
ogeneous equilibrium. At a given 
temperature we can draw a free 
energy curve, such as that in Fig. 8, 
for a solid solution or a liquid solu- 
tion, showing the relation between 
free energy and concentration, if 
solutions exist. Of necessity, these 
curves will be concave upward. If 
they were not, then a mixture of the 
two substances would have a lower 
free energy than a solution of one 
in another, and by the principle 
already enunciated, the system would 
assume the state of lowest free 
energy and become a mixture of two 
pure substances. This might be two 
layers of liquid metal or a solid sub- 
stance in which the two components 
were present as two separate pure 
phases, depending u pon tempera- 


more 


ture. We would know which system 
should be expected by 
whether one of the free energy 
curves is entirely below the other or 
not. If either is entirely below the 
other, then the physical state to 
which it refers (solid or liquid) is 


observing 





Fig. 7—Columnar Structure of Chill Cast 
Zinc. (Halpern in the Author's Laboratory.) 
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the state in which the system find 
itself. 

In the temperature range of par 
tial solidification we will have tw: 
curves intersecting one another, suc! 
as are shown in Fig. 9. We requir: 
knowledge of what compositions o/ 
solid and liquid will be in equilib 
rium with one another. If at any 
point on either curve we draw a 
tangent line and extend it in both 
directions until it intersects the ver- 
tical boundaries of the diagram, then 
at that particular concentration the 
solution behaves as though it were a 
mixture of the two components, hav- 
ing free energies called “partial 
molal free energies,’ corresponding 
to the intersection of the tangent 
lines with the two vertical boun- 
daries. If the two solutions are to 
be in equilibrium, then no change 
of free energy must occur if we take 
a very small amount of either com- 
ponent out of either phase and in- 
troduce it into the other. This 
means that the two solutions in 
equilibrium have such compositions 
thai the partial molal free energies 
of either component are the same, 
irrespective of which solution is 
under consideration. Graphically, 
this is easily determined by drawing 
a line tangent to both curves. The 
compositions in equilibrium with 
each other are then those corre- 
sponding to the points of tangency. 
These points are different for every 
different temperature. 
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Fig. !0—Partially Solidified Region of the Iron Carbon Equilibrium Diagram, Showing 
Composition and Relative Amounts of Two Phases in Equilibrium at a Given Temperature in 
an Alloy of Given Carbon Content. 
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Fig. |!—Austenitic Layer Frozen at Surface of White Cast Iron. * 250. (Now Decom 


posed to Sorbite.) Eutectic Cementite in 


In general, such free energy curves 
are related somewhat, as in the pre- 
ceding figure. They can, however, 
take such a form that the solid phase 
consists of a pure substance. This 
condition is rather closely ap- 
proached in the case of the alloys 
of lead and tin, lead and antimony 
and many others. Such systems have 
a very limited solubility, practically 
none in the solid state, though the 
metals are mutually soluble in all 
proportion in the liquid state. A 
few cases exist, not often of import- 
ance to foundrymen, in which there 
is not complete solubility in the 
liquid state. Many alloys exhibit un- 
limited solubility in both the solid 
and liquid state. This is true, for 
instance, of copper-nickel, copper- 
gold, and many others. The most 
common condition of all is one ex- 
emplified by the iron-carbon alloys 
in which a temperature is suddenly 
reached at which the last remaining 
liquid, still containing both compo- 
nents, freezes as a two-phase solid. 

Why solid solubility does or does 
not exist is related fundamentally to 
the crystalline structure of metals. 
Most of the commercial metals have 
their atoms arranged in one of two 
patterns, the face centered cubic or 
the body centered cubic. Obviously 
if there is to be complete solubility, 
the metals must have the same type 
of lattice. It is also necessary that 
the sizes of the atoms of the two 
elements be not too far apart. The 
“atom diameter,” or better, the dis- 


tance of closest approach of atomic 


Interior. (Hedberg in Author's Laboratory.) 


nuclei in the pure metals, should not 
be much more than 12 per cent dif- 
ferent, or solid solution will be lim- 
ited. Furthermore, the elements must 
not be too far apart horizontally in 
the periodic table or they are likely 
to form chemical compounds instead 
of solutions. For our purpose we are 
but little concerned with these very 
important and fundamental consid- 
erations 


Phase Diagrams 

As practicing rm tallurgists we eCxX- 
press the compositions of the phases 
present as a lunction of concentra- 
tion and temperature in the well 
known equilibrium or phase dia 
GTalns The S( have been worked out 
usually with considerable precisioi 
for all the binary alloys of the com 
mon and commercially important 
elements and many others They 
can be found in the literature. For 
the purpose of illustration we will 
deal only with a somewhat sim plifie a 
form of the iron-carbon diagram 
shown in Fig. 10. In this diagran 
with temperature as an ordinate 
carbon concentration as an abscissa 
the lines map out areas in which 
the system is of one or of two phase s 
The equilibria involvi ig delta iron 
have purposely been omitted from 
the diagram This omission is not 
justified except as a matter of 
schematic simplification For out 
present study we need concern ou 
selves only with that field marked 
liquid As indicated by this 
marking in the range of concentra 
tion and temperature mapped out by 
the heavy lines constituting the 
boundary of this field, the metal is 
partially frozen to solid iron and 
partially still molten. If we select 


any temperature and draw through 
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Fig. 12—Relation of Electrical and Thermal Conductivities of Various Copper Alloys at Two 


Temperatures. 


(Smith and Palmer.) 
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Fig. 13—Electrical Resistivity of Approxi- 
mately Pure Iron at Various Temperatures. 


{Compiled by Cleaves and Thompson.) 


it a horizontal line (an isothermal), 


it will intersect the two boundaries 


of the two-phase field (the solidus 
and the liquidus). The two points 
of intersection mark the composition 
of the solid substance and the liquid 
substance in equilibrium with each 
other. 

Confirming what was said imme- 
diately above with regard to the free 
energy lines, these two compositions 
change with every change of tem- 
perature. We can, however, very 
readily say for a given temperature, 
that if the composition of the alloy 
as a whole is known, then the rela- 
tive amounts of solid and liquid must 
be such that when multiplied by 
their respective concentrations, the 
right alloy composition is obtained. 
Putting this in algebraic form, if X, 
is the concentration of the alloy as a 
whole, X, the concentration of the 
liquid, and X, the concentration of 
the solid, then if y is the fraction of 
the total alloy solidified, 





y(X_— Xo) = (1—y) (Xo —X,) 
_ Xo = Ms 
. - ae » ¥ 


Like so many of our generaliza- 
tions, the present one is subject to 
disturbance by practical considera- 
tions. The discussion assumes that 
complete equilibrium is reached, 
which means, among other things, 
that there has been time for the first 
deposited solid material, which is 
relatively low in carbon, to saturate 
itself with carbon from the liquid as 
the cooling goes on very slowly. This 
does not usually happen and we only 
get equilibrium’ between the surface 
layer of the solid and the liquid. The 
interior of the solid is then lower in 
carbon than the equilibrium condi- 
tions predict, so the average com- 
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Fig. 14—Thermal Conductivity of Approxi- 
mately Pure Iron at Various Temperatures. 
(Compiled by Cleaves and Thompson.) 


position of the solid layer is less than 
the equilibrium requirement and the 
X, of the preceding equation is 
lower than the correct one. This 
means that we actually have more 
solid matter than the theoretical cal- 
culation requires. How much more 
depends upon the freezing rate. 

Selective freezing may cause dif- 
ferences of composition between the 
center and surface of a casting. Thus 
the thin outer layer of a white cast 
iron object consists only of the de- 
composition products of austenite, 
no eutectic having frozen next the 
surface, as shown in Fig. 11. 

In the case of those systems in 
which there is either no solid solu- 
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bility, or unlimited solid solubility 
the phase diagrams can be calculated 
with a greater or lesser approach t 
accuracy from the thermodynamic 
properties of the components. Thi 
correct treatment of this subject in- 
volves a knowledge of the molecula: 
weights of the substances in liquid 
and solid solutions. It has been 
frequently argued that the metallic 
elements are monatomic under these 
circumstances. The arguments have 
much in their favor. This writer, 
however, was much gratified by 
Chipman’s Campbell lecture in 1942, 
in which he pointed out that some 
things which were considered to be 
departures from simple thermody- 
namic principles underlying solu- 
tions could, in the case of slags, be 
justified by assuming the existence 
of various molecular compounds. 
The writer has long held that this 
viewpoint should not be neglected in 
the study of metallic equilibria. 

There is a law, known either as 
van Laar’s or Schroeder’s, which 
says that 


ae ke I l 

| an 

i «= ie « 
in which X, and X, are the mol 
fractions of a component in the 
liquid and solid phases respectively. 
L, is the symbol for the natural 
logarithm. Ly, is the latent heat of 


fusion of the pure component. R is 
the gas constant (about two calo- 
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Fig. 15—Heat Content of Face Centered and Body Centered Iron Above the Absolute Zero 
as a Function of Temperature. (Compiled by Cleaves and Thompson.) 
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ries). 7; is the melting point of the 
pure component and T the experi- 
mental temperature. If the pure 
component is freezing out, then X, 
becomes unity and it is possible to 
calculate the composition of the 
liquid, X,, as a function of T. If 
there is unlimited solid solubility, 
then there are two van Laar equa- 
tions; one for each of the two com- 
ponents, and each, of course, using 
the latent heat of fusion and tem- 
perature of fusion appropriate to its 
own component. Then it is further 
true that the sum of the mol frac- 
tions of the two components must 
be unity in each of the two phases, 
which gives a sufficient number of 
equations for calculating the com- 
position of the solid and liquid 
phases for any desired temperature. 

The principles here developed 
could be expanded with increasing 
complexity to include systems of 
more than two components. Nearly 
all commercial alloys do have more 
than two components present in suf- 
ficient amount to affect freezing 
conditions. For engineering purposes 
it is, however, generally prohibitively 
difficult to analyze these rigidly. One 
usually adopts the dangerous prac- 
tice of reasoning from what a similar 
binary or, at most, ternary alloy 
would do, in deciding matters of a 
practical character. If this is done 
with caution, it probably introduces 
no greater errors than those that 
creep in from other causes. One 
must, however, remember that he 
is not dealing in such cases with 
exactly the system he actually uses, 
and should be on the lookout for 
important discrepancies. Most rea- 
soning regarding the freezing of iron 
alloys has indeed been based on the 


Fig. 16—Graphic Representation of the Debye Function. 


(Origin Unknown.) 


freezing of pure iron-carbon alloys, 
except where consideration must be 
given to the composition of two 
phases during selective freezing. It 
may be well at this point to leave 
our study of the freezing process as 
such, and devote a little attention 
to the physical properties of sub- 
stances which are of interest in con- 
sidering solidification of metals from 
those viewpoints important to the 
foundryman. 


Physical Properties Which Influence 
Heat Transfer 

The physical properties of sub- 
stances which require consideration 
for our present purpose are: (1) 
those which influence the transfer of 
heat from the liquid metal to the 
surrounding mold material; (2) the 
dimensional changes which accom- 
pany changes of temperature and 
changes of state; and (3) those 
properties of the liquid metal which 
influence its ability to fill up voids 
which would otherwise result from 
the decrease in volume when a hot 
liquid metal becomes a cooler solid 
metal. 

The determination of k at very 
high temperatures is experimentally 
rather difficult. The actual data are, 
therefore, somewhat scanty and of 
not too high an order of precision. 
Much work has been done with re- 
gard to the thermal conductivity of 
alloys at temperatures usually con- 
siderably removed from the melting 
point. J. B. Austin has summarized 
information of this kind. One may 
say, as a generalization, that alloys 
in which there is slight solid solu- 
bility have a thermal conductivity 
nearly equal to the weighted average 
of the conductivities of the two 
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phases. Solid solutions may be ex- 
pected to have somewhat constant 
conductivities over most of their 
composition range, and this conduc- 
tivity will be decidedly less than 
that of either component in the pure 
state. There are theoretical relation- 
ships shown in Figs. 12, 13, and 14 
between thermal conductivity and 
electrical conductivity, which are 
sometimes useful for the purpose of 
extrapolating the former to tempera- 
tures where direct experiment is in- 
convenient. Where no _ allotropic 
changes are involved, the electrical 
resistance of a metal can usually be 
extrapolated by using an equation 
of the form 


R=a+ bT XcT? 

where R is the electrical resistance, 
T the absolute temperature and a, 
6 and ¢ numerical constants which 
can be determined by observation in 
a temperature range where precise 
measurements are possible. 

The law of Wiedemann and Franz, 
discovered experimentally nearly 100 
years ago, stated that the ratio of 
electrical conductivity to the thermal 
conductivity (at any given tempera- 
ture) was constant, irrespective of 
the metal. It has since been found 
by theoretical calculations that 





Here K is the thermal conductivity, 
@ the electrical conductivity, R the 
well-known gas constant, and ¢ is 
the charge on the electron (a very 
basic constant). T is the absolute or 
Kelvin temperature. This equation 
confirms the experimentally observed 
law and adds to it that the ratio is 
proportional to the absolute tem- 
perature. Setting numerical values 
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Fig. 17—Heat Content of Cast Iron Near 
the Melting Point and Latent Heat of Fu- 
sion. (Japanese Data.) 
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for the constants, the coefficient of 
the ratio of the two conductivities 
0.585T X 1075, a 
which is closely approached for most 
of the metallic elements. All of the 
assumptions are with respect to the 


should be value 


solid state. No doubt we are going 
rather far from our basic subject, 
but some reference to the inter-rela- 
tion of the properties we are using 
should be of value to those intending 
to pursue our subject. 

The electrical analogy can not of 
course be used practically for work 
with refractories which are, in, gen- 
eral, rather good insulators. Also the 
electrical resistance of molding sand 
is more nearly a function of its water 
content than of the actual resistance 
of the mineral matter, and this water 
content has relatively littie to do 
with conductivity at these tempera- 
tures in which we are interested. It 
will, no doubt, be plain that when 
heat is transferred, according to 
Fourier’s law, the heat units pass- 
ing on serve to heat the substance 
into which they are being conducted ; 
the amount of this heat depending 
upon the heat capacity of the sub- 
stance per unit volume. When such 
heat transfer has taken place, the 
temperature gradient has altered, 
and we have to know what the effect 
upon the gradient has been. For this 
purpose we use a physical concept 
called “diffusivity” and represented 
by the symbol A®. The use of the 
second power in this symbol is a 
matter of minor convenience, be- 
cause in many formulae the square 
root of this constant applies. At any 
rate let the reader remember that 
the diffusivity of the material is rep- 
resented by h? and that this constant 
is equal to the quotient obtained 
when the conductivity of the mate- 
rial is divided by the product of its 
density and specific heat. Both the 
density and the specific heat of all 
substances are functions of the tem- 
perature. Here again difficulties arise 
when these properties are to be ex- 
perimenta!ly determined at tempera- 
tures comparable with the melting 
points of the iron alloys. For certain 
substances the specific heat is cal- 
culable from rather simple consider- 
ations. Those crystalline substances 
which have a high order of sym- 
metry in their crystal habit can have 
their specific heat (at constant 
volume) calculated theoretically. 


Fortunately most of the solid metals 
have a lattice arrangement which is 


some modification, of a cubic system. 
Almost all of these fall within the 
group of substances which can be 
treated theoretic ally. 

Some other fairly symmetrical ar- 
rangements also fit the conditions 
reasonably closely. It is, however, 
unfortunate that the industrially im- 
portant element, iron, due to its 
particular atomic structure, is not 
capable of treatment by these rela- 
tively simple physical concepts (see 
Fig. 15), nor is graphite. The math- 
ematical physicists have struggled 
with the problem of expressing in 
an equation the relation of specific 
heat to temperature in these sym- 
metrically crystalline substances. The 
best known relation is the so-called 
“Debye function.” This seems to 
meet every need, although further 
refinements have been proposed. The 
mathematical form of the Debye 
function is probably _ terrifyingly 
complex for our present use. It can, 
however, be expressed in the form of 
a curve, as in Fig. 16. This graph 
gives the heat content per gram 
atom per degree at constant volume 
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in terms of the relation between th 
absolute temperature 7° and a con 
stant 6 having the same dimension 
as temperature which can be though 
of as the temperature at which th 
substance has a particular specifi 
heat — R. This constant @ is rathe: 
easily and accurately determined by 
determining the specific heat at 

series of temperatures which bracket 


R . A 
the value > and interpolating 


Once determined, it permits of the 
calculation of the specific heat at 
any other temperature. One of the 
characteristics of the Debye function, 
which it must have to represent the 
observational facts, is that the atomic 
heat (specific heat times atomic 
weight, or heat content per gram 
atom per degree) should approach 
3R where R is the gas constant, and 
about two calories. Substances hav- 
ing low values of @ approached this 
value of true specific heat at lower 
temperatures than in the reverse 


case. This approach to a value of 


about six calories was known long 
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Fig. 18—Density of Liquid Cast Iron as a Function of Carbon and Silicon Content and Tem- 


perature. 


(Measured by Gorton and Austin in the Author's Laboratory.) 
Shows How to Determine the Density at 1400° C. of an Alloy Containing 1.25 Per Cent Si 
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Fig. 19—Specific Volume Temperature Relation of Solid and Liquid White Cast Iron. (Ash 
and Saeger.) 


before any theoretical basis had bee. 
established and found a place, even 
in quite early text books, under the 
name of Dulong and Petit’s Law. 
It is limited to crystalline substances 
and can not be applied to liquids of 
any kind, or to non-crystalline sub- 
stance such as glass, and many slags. 
For such substances direct experi- 
mentation must be resorted to if the 
constants are to be determined. 

The specific heat of liquids is very 
commonly pretty nearly independent 
of temperature, which may, in part, 
be due to the fact that the tempera- 
ture range within which many sub- 
stances can remain liquid is not very 


long. 


Latent Heat of Fusion 

Since we are dealing with the 
freezing process, the most important 
thermal property of a metal for our 
purpose is its latent heat of fusion. 
his is the heat energy which is re- 
quired to overcome the attractive 
forces between adjacent atoms in a 
crystal lattice, and cause the atoms 
to move independently of one an- 
other, while not having become 
inuch more widely separated than 
in the solid state. For many sub- 
stances it has been determined calori- 
metrically, sufficiently well at least 
lor engineering uses (Fig. 17). There 
is a rule called “Trouton’s” which 
has undeservedly fallen into disre- 
gard, which says that the ratio of 
the iatent heat of fusion per gram 
atom (in calories) to the melting 
temperature (Kelvin scale) is nearly 
constant and about 2.2. In more 
high-brow and modern language one 
might say more impressively that the 


entropy of fusion of most substances 
is nearly the same, about 2.2 calories. 
This generalization, while not pre- 
cise enough for many purposes of 
the physical chemist, is, in many 
cases, a useful aid to the engineer. 
We may lastly add the statement 
that specific heats are additive in 
alloys and in chemical compounds 
(unless some of the substances in 
the pure state are gasses). This gen- 
eralization again, while not suffi- 
ciently accurate for thermodynamic 
use, is generally good enough for 
engineering purposes. The physical 
chemist will recognize that if it were 
rigidly true, there would be no free 
energy of combination or solution, 
which is, of course, an absurd conse- 
quence. The use of Kopp’s rule, as 
suggested above, must be limited to 
uses where approximations suffice. 
One may also remember that the 
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heat required to bring a system from 
one state to another is independent 
of the path by which one goes be- 
tween the initial and final condition 
This rule is convenient where, be- 
cause of the presence of alloys, an 
element melts at a temperature 
above or below its normal melting 
point. The total heat which must 
be imparted to a substance to bring 
it from the solid state at a tempera- 
ture below the melting point, to the 
liquid state at a temperature above 
the melting point, is the same, re- 
gardless of the temperature at which 
melting can be caused to occur. In 
any event we have the sensible heat 
of the solid substance from its initial 
temperature to the melting point, 
plus the latent heat of fusion at the 
melting point, plus the sensible heat 
of the liquid from the melting point 
to the final temperature. The latent 
heat of fusion, therefore, differs with 
the temperature if the two specific 
heats (for the solid and liquid) 
differ. All of these facts, with the 
relations of the thermal properties 
of substances, are of importance in 
considering the freezing of liquid 
metals. We have not nearly ex- 
hausted the subject but may have so 
far exhausted the reader’s patience 
as to make further discussion of the 
physics of heat undesirable for the 
present purpose. 
Change of Volume on Solidification 
Leaving this portion of the sub- 
ject then in its somewhat disjointed 
form, we turn to the question of the 
change of volume which occurs 
when metal goes from the liquid to 
the solid state. The change in volume 
produced when a superheated liquid 
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Fig. 20—Specific Volume Temperature Relation for Three Gray Cast Irons in the Solid and 


Liquid States. 


(Ash and Saeger.) 
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Fig. 21—Volume Change on Solidification of Graphitic Irons. 


becomes a solid at a témperature be- 
low the melting point, is made up 
of three portions: the contraction of 
the liquid in cooling from its original 
temperature to the melting point; 
the change of volume occurring on 
freezing, supposed to take place 
at constant temperature; and the 
change of volume of the solid in 
cooling from the melting point to 
some chosen final temperature. Cer- 
tain special considerations must be 
taken into account if freezing takes 
place selectively over a temperature 
range and not isothermally as pre- 
supposed in our simplified statement. 

All who have observed a mercury 
thermometer will have made use of 
the fact that the amount by which 
a given bulk of liquid metal expands 
for a given increase in temperature 
is, apparently at least, independent 
of the temperature. This co-efficient 
of thermal cubic expansion is, how- 
ever, different from one liquid to 
another. The subject has not been 
particularly completely investigated 
and, in general, our knowledge of 
the co-efficient of expansion of com- 
mercial alloys in the liquid state is 
rather defective. Gorton and Austin 
in the author’s laboratory obtained 
the results shown in Fig. 18 for cast 
iron. Such information as there is, 
is largely of a purely experimental 
character. Some of the most impor- 
tant work of this kind, from an in- 
dustrial viewpoint, was done under 
the supervision of the American 
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Foundrymen’s Association, by Ash, 
at the Bureau of Standards, under 
the direction of Saeger. Figs. 19, 20 
and 21 are taken from this work. 
Those who are interested in the be- 
havior of the cast irons will find 
the work a source of most useful in- 
formation. Most substances expand 
on liquification. The most glaring 
exception is ice, but bismuth, anti- 
mony and alloys of the type-metal 
group also expand on freezing. Cast 
iron, at least in the commercial 
range of carbon content, actually 
freezes as white cast iron, but almost 
at the moment of freezing, probably 
within a relatively few degrees above 
or below the freezing temperature, 
the iron carbide of the white cast 
iron decomposes into an iron-carbon 
alloy and excess graphite, with an 
increase of volume of 0.18 cubic 





Fig. 22—Expansion of a Pure Iron Carbon 
Alloy on Freezing. (Author's Laboratory.) 
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centimeters per gram of carbon. 

Endo measured the change in 
volume accompanying melting for a 
series of elements and concluded 
that the change in volume per unit 
weight 3% shown in Table 1 is a 
periodic function, as is the atomic 
volume. Qualitatively this is true but 
a very cursory comparison shows 
that there is no quantitative relation 
For example, aluminum, gold and 
silver have almost the same atomic 
volumes. 

Figure 22, which is a photograph 
of a nearly pure high carbon alloy, 
slowly frozen in a vacuum furnace, 
demonstrates this condition very 
well, although here some of the 
graphite formed at the moment of 
solidification above the eutectic melt- 
ing point. The formation of this 
graphite, with the accompanying in- 
crease in volume within the already 
frozen outer shell, has extruded a 
spherical drop of liquid metal 
through a hole punctured by internal 
pressure in the upper surface. The 
thermal expansion of solid metal has 
been measured for many alloys by 
rather simple and well-known 
methods. The results are given 
usually as a coefficient of linear ex- 
pansion which, for our purpose, is 
not so convenient as a coefficient of 
cubic expansion. Since the changes 
of volume are small, it is, however, 
easy to transfer from one system to 
another on the principle that the 
cubic coefficient is almost exactly 
three times the linear coefficient. 
The changes of volume, accompany- 
ing the change of state at the freez- 
ing point, have almost universally 


Table 1 


CHANGE OF VOLUME PER UNIT 
WEIGHT 
8V 

Element Symbol Ww 
Mercury Hg 0.00263 
Rubidium Rb 0.0168 
Potassium K 0.0310 
Sodium Na 0.0267 
Tin Sn 0.00386 
Bismuth Bi —0.00351 
Thallium Tl 0.00282 
Cadmium Cd 0.00574 
Lead Pb 0.00320 
Zinc Zn 0.010 
Antimony Sb 0.0022 
Aluminum Al 0.02434 
Silver Ag 0.0051 
Gold Au 0.0028: 
Copper Cu 0.0043 

—0.0085 
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Fig. 23—Interdendritic Voids in the Partially Frozen Zone of a Steel Casting Where the Tem- 

perature Is Between the Liquidus and the Solidus. Outlines of the Dendrite Are Confused 

by Entrapped Liquid. Dark Outer Band Is the Surface of the Frozen Layer. X 4. (Cour- 
tesy of Ken L. Clark, Naval Research Laboratory.) 


been determined by extrapolating 
from observations in the solid state 
to obtain the density of the sub- 
stance just before melting begins, 
and extrapolating from observations 
in the liquid to obtain the density 
when melting is just completed. The 
harge of volume accompanying the 
hange of state can be calculated 
from the difference of these two 
densities. In extrapolating to obtain 
the density of the solid metal, use 
may well be made of the principle 
that the coefficient of thermal ex- 
pansion of a given substance in pro- 
portional to its specific heat, regard- 
less of the temperature. In many 
cases of non-ferrous alloys, the Debye 
function can give us the relation of 
specific heat to temperature. This, 
with the above principle, which was 
experimentally verified by Gruenei- 
sen, permits of more accurate results 
than mere linear extrapolations. 
For those commercial alloys which 
ireeze selectively, this change in 
volume takes place over a tempera- 
ture interval. Here we have an im- 
portant matter for the foundry. 
When this metal is partly frozen it 
consists of a mass of tree-like 
growths, with liquid metal between 
the branches where air is, in the 
ase of real trees. (See Fig. 23.) As 
‘urther cooling takes place with ac- 
ompanying freezing of this remain- 
ng metal, the latter decreases in 
olume more than the ‘spaces which 
originally filled, because overall 
imensions of these spaces decieased 


only as determined by the thermal 
coefficient of cubic expansion of the 
solid. Two things can happen. Either 
liquid metal can run in from some- 
where else, or inter-dendritic voids 
can form, which may even be of 
microscopic sizes. Consideration of 
this effect is necessary in making 
arrangements to feed a casting, for 
it is quite possible to fill up all the 
gross shrinkage voids without really 
filling up the interdendritic shrink- 
age. The writer has had occasion to 
observe that spheres cast experi- 
mentally from various white cast 
iron alloys have the same apparent 
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density, whether they showed evi- 
dence of gross internal shrinkage by 
x-ray methods or not. The explana- 
tion is merely that if the shrinkage 
does not all go to one place and 
show up asa dark area on the x-ray 
plate an equal volume distribute: 
itself so finely throughout the entire 
volume of the test body as not to 
be detectable in any one place. Sachs 
has found the resistance to penetra 
tion by x-rays a useful means of de- 
termining existence, especially in 
light metal alloys, of alloys suffering 
from such widely distributed fine 
porosity One of his x-rays is shown 
in Fig. 24. In the case of magnesium 
alloys, correlations have been drawn 
between this phenomenon and the 
tensile strength of the resulting speci- 
mens. It is also possible to apply 
this method to steel. A thin slab of 
uniform thickness, machined from a 
steel casting, frequently—or one 
might say usually—shows difference 
of density on an x-ray negative, even 
in the absence of distinguishable dis- 
creet voids. 

The x-ray technique has even 
been applied to micro-examination 
as shown in Fig. 25 

The extent to which feeding, by 
eliminating various types of porosity 
may improve the properties of a 
casting, is shown by the fact that a 
certain part stretched one-third more 
when proof-tested under given con- 
ditions when one of two feeders was 
eliminated. 


Flow of Metal from Feeder to Voids 


If we are to consider the solidifi- 





Fig. 24—X-ray Negative Showing Inter-Crystalline Porous Areas (Dark) in Magnesium. 
(Courtesy of Geo. Sachs.) 




















14 


cation of metals in any way of prac- 
tical utility to the foundryman, we 
come, sooner or later, to the con- 
sideration of the flow of metal from 
a feeder or other source of liquid 
into voids, be they in the form of 
cavities of inter- 
fissures. We 


please 


large shrinkage 


granular microscopic 
may know as much as we 
about why and where and how voids 
form but we cannot do anything 
about it unless we study the means 
of admitting liquid metal to supply 
the deficiencies. 

sefore we can profitably consider 
the properties of the liquid metals 
which are of importance in this con- 
nection, we must arrive at an under- 
standing of the laws governing the 
flow of liquids in pipes or channels. 
It is therefore necessary to make a 
brief excursion into the science of 
hydraulics. The flow of liquids in 
pipes has been studied for a very 
long time. Bornoulli, in the middle 
of the 18th Century, gave a satisfac- 
tory analysis of the flow of water in 
smooth pipes. The investigation was 
later extended by others to cover 
the effect of friction of liquid against 
the pipe wall. In all of these cases 
the liquid was supposed to move as 
a single body through the pipe, 
much as a solid plug might move. 
Now, especially in the case of metals 
flowing in a container of the same 
has frozen against 


material which 


the wall of the mold, these prin- 
ciples do not suffice. We have al- 


ready touched upon the fact that the 
inner surface of a partially frozen 
body is covered with a lot of tree- 
like growths, which virtually anchor 
the surface layers of the liquid metal 
to the walls of the frozen material 
The adhesion of liquid to solid adds 
to these forces. 

The surface layer of metal in con- 
tact with the solid matter probably 
moves forward not at all. The layers 
further in move forward, each layer 
with a higher velocity than that out- 
side, until the center thread of the 
stream moves forward fastest of all. 
The metal thus 
process which might be likened to 
its continually turning itself inside 


advances by a 


out, somewhat the reverse of the 
mythical snake swallowing itself. be- 
ginning with its own tail. The veloc- 
ity of flow of liquid metal under 
our conditions is, therefore, deter- 
mined by the ability of successive 
layers to slide with relation to each 
other when a force is applied to 
The property of a material 
called 


them. 
which 
“viscosity.” The quantitative measure 


resists such flow is 
of viscosity is schematically illus- 
trated in Fig. 26. Here we have two 
parallel areas, each of unit magni- 
tude, separated by unit distances in 
a viscous liquid. If we can conceive 
of taking hold of these areas, which 
are separated by unit distance, keep- 
ing one stationary and moving the 
with itself, at unit 


othe parallel 


then the viscosity of the 


velocity, 





Fig. 25—Micro-Radiograph of Voids in Sound Cartridge Brass. 
Courtesy of A.I.M.E.) 


Zimmerman. 


X 100. (Maddigan and 
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Fig. 26—Schematic Diagram Defining 
Viscosity in a Liquid. 


liquid is equal to the force required 
to produce this velocity. For a give: 
viscosity, if we double the force, w: 
double the velocity. A given velocity 
at unit distance is equal to half that 
velocity at a distance of separatior 
of the two areas of half the unit of 
linear measurement. Viscosity is rep- 
resented by the Greek letter 7. 

It is quite simple, by the use of 
calculus methods, to determine th 
velocity of flow under a given pres- 
sure along any cylindrical shell con- 
centric with a cylindrical pipe, or 
what is of greater utility to comput 
the mean velocity of flow across thé 
entire cross-section of pipe, suitably 
weighting the zero velocity at th 
circumference, the maximum veloc- 
ity at the center and the various 
velocities at different radii between 
By such computation we get the ex 
pression 

_ wPR* 


j ee 


8Liy 
Here P is the intensity of pressur: 
of the liquid in the pipe, R is th 
radius of the pipe, Z its length and 
v is the mean velocity of flow for a 
liquid of vicosity yn. It is, of course, 
necessary to be cautious about using 
a consistent of dimensions 
The 


everything in the c.g:s. 


group 
scientist prefers to express 
system, 1 
which the cm., the gram, and th 
second are the fundamental unit: 
The unit of pressure is then dynes 
per square cm. and » is in dyn 
Evidently if we prefer to talk about 
grams per sq. cm., the equation w 
remain consistent if we express 7 
grams also, or we can, at consid 
able inconvenience, translate in 
the exceedingly inconsistent Britis 
American units. 

Then similarly if the flow is to | 
not through a cylindrical pipe b: 
between two parallel plates, se} 
rated by 2R from each other, th: 
the mean velocity comes out as 
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Fig. 27—Fluidity Pattern Assembly. (Saeger 
and Krinitzky.) 
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Che latter equation is of importance 
if metal is filling up a flat slab; the 
former if it is running down a cylin- 
drical passage, as, for example, 
through a feeder mouth. 

The amount of metal which will 
flow through a passage in unit time 
is evidently the mean velocity of 
flow, times the cross-sectional area 
of the passage. If our shrink voids 
are to be filled up, the amount of 
metal flowing in unit time must be 
such as to fill up the voids before 
enough time has passed for the metal 
to solidify in the passage through 
which it flows. Actually this problem 
becomes somewhat complicated be- 
cause as the metal flows, it probably 
cools, its viscosity increases, some 
material freezes to the walls and the 
cross-sectional area through which 
the metal must flow is constantly de- 
creasing. Both R and », in the ex- 
pression given above, are thus func- 
tions of time (because temperature 
is a function of time and these prop- 

Table 2 
CHANGE OF VISCOSITY 
WITH TEMPERATURE 
Cast Iron ConTAINING AnouT 
3.8 Per Cent Carson ) 


T (abs.) 

Ze 7] 
1.02 0.0275 
1.04 0.0239 
1.06 0.0213 
1.08 0.0188 
1.10 0.0169 
1.12 0.0154 





erties are functions of temperature). 
A rigid analysis of what goes on 
under these circumstances is, there- 
fore, too complicated mathematically 
for profitable treatment. In practice 
the foundryman measures a sort of 
integration of all of these properties 
by the use of the well-known fluidity 
spiral, illustrated in Fig. 27. Unfor- 
tunately there has been more origi- 
nality in the development of the de- 
sign of these spirals than consistency 
in their use. As a consequence it is 
decidedly difficult to compare data 
obtained by different 
What the spiral actually does is cause 
the metal to flow into a long, slender 


observers. 


passage at constant rate. As the 
metal flows along it cools; the cross- 
sectional area of the passage de- 
creases; the viscosity increases; the 
metal flows more slowly; and so on, 





=. 
” 





8 





x 


ats 


\ 








Castability (Cm at 500°C.) 

















0 3 


/ & 
Carbon, -er lent 


Fig. 28—Relation of Castability to Carbon 
Content. (Author's Compilation from British 
Data.) 


until the viscosity finally becomes so 
high, when freezirg begins, that the 
metal can no longer advance. The 
fluidity spiral thus measures a com- 
bination of the degree of superheat 
of the metal when poured, and the 
viscosity-temperature relation. Al- 
though it is not a particularly scien- 
tific procedure, it is calculated to 
give the foundryman almost exactly 
the information he requires as to the 
ability of the metal to flow. In this 
regard it is like many other prac- 
tical measurements; extremely com- 
plicated in principle, but so closely 
related to the property which makes 
the material useful that it constitutes 
an excellent criterion for judgment 
of quality. 

In Fig. 28 we give an example of 
the effect of composition on the cast- 
ability of the iron-carbon alloys as a 
function of carbon at a single tem- 
perature, 


Table 8 
CHANGE OF VISCOSITY 
WITH TEMPERATURE FOR 
Trn, Zinc, AND BISMUTH 


T 
Element is ” 

Sn 1.005 0.0275 

1.07 0.0235 

Zn 1.11 0.0165 

1.28 0.0135 

Bi 1.05 0.0162 

1.18 0.0145 


Viscosity of Liquid Metals 

For scientific purposes we should 
really have somewhat more system- 
atic information. The viscosity ol 
liquid metals is different and is a 
function of temperature, decreasing 
as the temperature rises. It has been 
shown that a direct relationship ex- 
ists between the change in viscosity 
and the change in volume with the 
temperature of a liquid. In the case 
of metals it has been suggested that 
viscosities can be better compared 
if we use as a basis, not the tem- 
perature of the liquid itself, but the 
ratio of that temperature to the 
liquidus temperature (the tempera- 
ture at which the alloy begins to 
freeze). For a cast iron containing 
about 3.8 per cent carbon, viscosities 
were found to change with tempera- 
ture, as shown in Table 2. 
A decrease in carbon to about 2.7 
per cent raised these values by about 
2 per cent, and an increase to 4 per 
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Fig. 29—Viscosity of Iron Carbon Alloys 
at Various Temperatures. (Thielman and 
Wimmer.) 





























Fig. 30—Schematic Diagram Surface 
Tension of a Liquid. 


cent carbon decreased them about 5 
per cent. Observations on tin, zinc 
and bismuth gave data which have 
been summarized in Table 3. 
Figure 29 gives data for cast iron. 
It is, perhaps, not to be expected 
that the agreement should be too 
exact in the determination of the 
viscosity of liquid metals, especially 
at high temperatures, which is quite 
difficult. However, when compared 
on the basis of the relative tempera- 
ture here suggested, the viscosity of 
the metals is not so very different. 
So far we have tacitly assumed 
that there is no limit to the small- 
ness of the passage through which 
a liquid will flow. In a sense this is 
true. However, passages can become 
so small that the expressions for 
mean velocity quoted just above, be- 
come meaningless because of the 
effect of surface tension. This is the 
same phenomenon as the “surface 
energy” which we encountered in 
the discussion of the effect of par- 
ticle sizes on the melting point of 
pure substances. When we refer to 
it as surface energy we visualize it as 
being the energy (ergs) required to 
increase the surface of a substance 


by unit area (cm?). Actually we 
should not say the surface of a sub- 
stance but area of bounding surface 


between two phases. 


Surface Tension 

For some purposes we prefer to 
represent this phenomenon in terms 
of a force, surface tension, which is 
then best understood by the set-up 
shown schematically in Fig. 30. 
Here we have two weightless wires 
of unit length, with a thin film of 
liquid between them. The upper 
wire is held stationary. The load 
which the lower wire will sustain, 
without breaking the film of liquid, 
which, of course, has no _ tensile 
strength, is twice the surface tension 
of the liquid. (It is twice because 
we have a boundary on each side of 
the film.) The measure of surface 
tension is then force (dynes) per 
unit length (cm.), which is obvi- 
ously the same expression as was 
written for surface energy, if the lat- 
ter expression be divided through 
by the length unit. For all pur- 
poses in which we are interested, 
the effect of surface tension is to 
cause the liquid to behave as though 
it were included in an elastic mem- 
brane which had a particular break- 
ing strength equal to the surface ten- 
sion. Now we must actually talk 
about three different surface ten- 
sions when we consider the flow of 
liquid along a solid surface, and in 
air or any other gaseous atmosphere. 
Surface tension is commonly repre- 
sented by the Greek letter o. Let us 
consider 9,2 at the gas-liquid intcr- 
face, o-, at the liquid-solid inter- 
face, and o,-, at the gas-solid inter- 
face. Then it can be shown that 
the angle which the boundary 
between liquid and solid makes 
with the surface of the solid at 
the point of contact of all three 
phases, is given by the expression 
2-3 01-3 O;-2 cos ¢. Cos ¢ 
might. come out either positive or 
negative. If positive, the liquid does 
not wet the solid and the surface 
of the liquid is convex as is the sur- 
face of mercury contained in a glass 
beaker. If cos ¢ is negative, then 
the liquid wets the solid and will run 
forward on the solid surface, as does 
solder on a clean copper plate. 

Now let us assume that we are 
trying to have metal flow forward 
into a thin horizontal plate. The 
advance forward face of the metal, 
which all who have examined “cold- 
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shuts” know to be convex, is hel 
by the surface tension of th 
advancing liquid front. This for: 
will be 20 cos @ per unit width o 
advancing front. 

Unless the product of the pressur: 
on the metal times the thickness o 
the plate into which the metal is t 
flow is greater than this amount, the 
metal will not flow at all. If the 
flow is not into a flat plate but int 


a cylindrical passage, we find that - 


the flow will not begin unless 
aPR = 22 cos rs) 


The expression P used in the viscos- 
ity formulae should be reduced by 
the pressure required to overcome 
the surface tension forces. Our 
knowledge of the surface tension of 
liquid metals is quite poor. This is 
due to two causes. First, we are 
confronted with the ever-present dif- 
ficulty of conducting measurements 
at the temperatures of liquid metals, 
except perhaps in the case of mer- 
cury, tin, cadmium and the like. In 
the second place, the surface tension 
of a liquid metal is’ enormously 
affected by impurities, such as metal- 
lic oxides and similar compounds, 
which are very difficult to exclude 
from an experimental set-up. If we 
had data based on such exclusion. 
they would not do us much good 
because the metals with which we 
deal would be more highly contami- 
nated. The surface tension of a liq- 
uid decreases with its temperature, 
as all know who have found it easier 
to skid on a wet street when the 
weather is cold than when the 
weather is hot. This is shown in 
Fig. 31. It has been found that the 
thermal coefficient of viscosity is 
pretty nearly alike for all liquids 
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Fig. 31—Relation of Surface Tension to 
Temperature. (Matuyama.) 
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nd at all temperatures and equal to 


2.12 


V% 


This coefficient is known as Eotvo’s 
onstant when V is the molar vol- 
ume. It has been found that this 
oefficient for the metals tin, bis- 

uth. lead and zinc, if they are 
issumed to be monatomic, comes out 
ibout 1.1 instead of 2.1. In organic 
iquids this would be regarded as 
fairly good evidence of polymeriza- 
tion. If the metals were triatomic, 
the results would be consistent. 

In view of the fact that most of 
ur knowledge of the surface tension 
f liquid metals is not any too accu- 
rate, the reader might perhaps con- 
tent himself with the data of Matu- 
yama for some of the metals at 
low melting points summarized in 
Fig. 31. Those who prefer a rough 
approximation to total ignorance 
may use the values of surface ten- 
sion in milligrams per millimeter 


given in Table 4. 


Table 4 
SuRFACE TENSION OF LiguIp MET- 
ALS AT MELTING TEMPERATURES 


Surface Tension, 


M:tal mg. per mm. 
Silver 80 
Copper 60 
Gold 60 


Iron 100 


[hese figures make no pretense at 
ccuracy, but may be useful as first 
approximations. Iron and copper 
particularly are subject to atmos- 
pheric contaminations, and the re- 
sults on a commercial alloy may be 
very different and probably higher 
than those here quoted. 

The orifices through which liquid 
iron will flow into voids in a solid 
heated to the melting point are sur- 
prisingly small. Fig. 32 shows the 
penetration of white cast iron into a’ 
super-heated core at a point where 
the core wash cracked. 

If metal is to flow into a cavity, 
that cavity must either be entirely 
empty or there must be means for 
the escape of any gas which it con- 
tains. This occasions no difficulty so 
long as the cavity is large and the 
stream flowing into it small. A tum- 
bler can be filled with water under 
a faucet without worrying how the 
air is to get out. It is much more 
difficult to fill a very small mouthed 
bottle with water by immersing it, 


mouth up, in a bucket. Surface ten- 
sion keeps the air bubble from de- 
taching iself from the mouth, if the 
latter be small enough, and conse- 
quently the water is kept from run- 
ning in. This crude analogy is suffi- 
cient to demonstrate that the ability 
to cause metal to solidify without 
voids has some relation to the evolu- 
tion of gas from that metal. There 
are those who have contended that 
gas evolution is the sole and suffi- 
cient explanation for the occurrence 
of porous shrinkage voids. The 
mechanism which they suggest is 
that as the metal freezes it evolves 
gas and this gas pushes some of the 
last remaining liquid metal out of 
the space between dendritic growths 
to other places in the mold. While 
this may be too drastic an interpre 
tation, we can not ignore the possi- 
bility that the voids, which may 
have been complete vacua when 
formed, filled themselves with any 
gas which the metal can give up and 
so well entrapped this gas that the 
metal which wished to flow can not 
do so. 


Gas Content of Liquid Metal 


All this suggests that we must give 
least some passing attention to the 
gas content of liquid metal, to the 
change in solubility at the freezing 
point, and to the mechanism by 
which gas enters or leaves metal 
Many, presumably all, commercial 
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metals will dissolve gases from the 
atmosphere if time permits The 
gases of most importance in this con 
nection are hydrogen, oxygen, and 
nitrogen. The oxides of carbon play 
some role, although we need not 
pursue the details if we consider thx 
three gaseous elements. The amount 
of an inert gas dissolved by a metal 
varies with the temperature and 
pressure. Hydrogen, nitrogen, and 
oxygen are diatomic. In such cases 
the solubility of the gas varies as the 
square root of its partial pressure in 
the adjacent atmosphere. Hydrogen 
and nitrogen presumably dissolve as 
atoms. Oxygen may be thought of 
as dissolving atomically and imme- 
diately combining with iron, form- 
ing FeO, using the iron alloys as an 
example. For every temperature and 
metallic alloy there is some partial 
pressure of the dissolved gas exerted 
in equilibrium with each concentra- 
tion of that gas. When the metal 
solidifies, the solubility of the gas 
suddenly decreases very markedly, 
which is the same thing as saying 
that the partial pressure in equilibri- 
um with the existing gas concentra- 
tion suddenly rises very rapidly. Un- 
less an appropriate pressure is ap- 
plied to keep the gas in, it is evolved 
as bubbles at the moment of solidi- 
fication so far as time permits. Quite 
often solidification proceeds rather 
too fast for the reaction to go to 


equilibrium. 





Fig. 32—Ilron Intrusion in Sand Core. White—Cast Iron; Gray—Sand Grain; Black—Voids. 
(Halpern in the Author's Laboratory.) 














Table 5 
PARTIAL PRESSURE OF HyDROGEN IN EQUILIBRIUM WITH 
Various CONCENTRATIONS OF THAT ELEMENT IN 


MOLTEN IRON AND 


IN GAMMA IRON 


H), PY 2 P : 
- alk (H,, molten Fe) re mason Fe) H,, y Fe) = Kins 
0.0020 0.670 atm. 4.54 atm. 
0.0015 0.410 atm. 2.80 atm. 
0.0010 0.167 atm. 1.13 atm. 
0.0007 0.082 atm. 0.56 atm. 
0.0005 0.042 atm. 0.284 atm. 
0.0003 0.015 atm. 0.102 atm. 
0.0002 0.0067 atm. 0.045 atm. 


Chuiko give the partial pressure 
of hydrogen in equilibrium with 
various concentrations of that ele- 
ment in molten iron and in gamma 
iron, shown in Table 5. 

It is quite readily seen that con- 
ditions which would retain 0.0005 
per cent hydrogen in the molten 
metal would retain only about 0.0002 
per cent hydrogen in solution in 
gamma iron. Whether or not these 
figures have any real quantitative 
significance, they indicate how hy- 
drogen will wish to escape when 
liquid iron solidifies. A quick cal- 
culation, based on Sievert’s data for 
the solubility of hydrogen in iron, 
exposed to hydrogen at one atmos- 
phere pressure, indicates that at the 
moment of freezing, gas equivalent 
to some 15 or 16 times the volume 
of the liquid metal should escape. 
Admitting that furnace atmospheres 
contain only small concentrations of 
hydrogen, it is plain that we must 
give some thought to disposing of 
even the volumes of gas correspond- 
ing to commercial conditions. The 
data for nitrogen would be qualita- 
tively but not quantitatively similar. 

In the case of oxygen, which pre- 
sumably dissolves as ferrous oxide, 
the partial pressure of carbon mon- 
oxide required to maintain equilibri- 
um is Gependent upon the product 
of the oxygen and carbon concentra- 





tion of the metal. When the metal 
solidifies, the conditions so change 
that ferrous oxide and carbon react 
to form and evolve carbon mon- 
oxide. 

Chuiko’s data for 1485° C. (liquid 
iron), based on the observations of 
Chipman and Samarin, are given in 
Table 6. Here m, is a constant 
equal to the product of the carbon 
and oxygen concentrations in equi- 
librium with CO at atmospheric 
pressure. 

If we are to prevent the forma- 
tion of gas pockets, either as bubbles 
or entrapped in porosity, then we 
must maintain a pressure on the gas 
(over and above what surface ten- 
sion may require) sufficiently high 
to prevent the evolution of gas; that 
is, we must maintain upon any gas 
which may have been momentarily 
evolved a pressure higher than the 
equilibrium pressures which we have 
just been discussing. It is fortunate 
that there is some solubility of gas 
in metal because if this were not so, 
then no pressure would be sufficient 
to reduce the voids to nothing by 
reducing their gas volume to noth- 
ing. 

It is somewhat generally accepted 
in practical circles that oxidized 
metal is prone to shrinkage voids. 
Experiments intended to bring out 
an explanation in terms of contrac- 








Table 6 
ParTIAL PRESSURE OF CARBON MONOXIDE IN EQUILIBRIUM WITH 
Various CONCENTRATIONS OF THAT GAs IN 
Mo TEN IRON 


(O), (C)(O) 
percent 

0.010 0.0030 

0.007 0.0021 

0.006 0.0018 

0.004 0.0012 

0.002 0.0006 


re CO) = (C)(O) 
m, 
1.48 atm. 
1.04 atm. 
0.885 atm. 
0.590 atm. 


0.260 atm. 








Turrp A.F.A. FouNnpDATION LECTURE 


tion at the moment of freezing >r 
coefficients of cubic expansion have, 
so far as the writer knows, been con- 
sistently unconvincing. It may, how- 
ever, be that in this, as in many 
other matters, the observation of th« 
practical man may have been per- 
fectly reliable, but the explanation 
wrong. It may merely be that the 
over-oxidized metals contain enough 
gas-forming constituents to produce 
pressures sufficiently high to prevent 
feeding, while the others do not. 

There is some analogy between the 
unsoundness due to gas and the un- 
soundness due to sonims. Both rep- 
resent the inclusion of something 
else besides metal, which interrupts 
the continuity of the mass. In the 
case of sonims, these are solid non- 
metallic substances, usually oxides or 
sulphides. They are not, as many 
seem to think, necessarily or even 
usually solid matter entrapped in the 
metal, but much more commonly 
they are chemical compounds which 
crystallize out of the liquid metal 
while the latter is cooling from the 
pouring temperature to the freezing 
temperature. Their formation de- 
pends upon the temperature-solubil- 
ity relations of the liquid metal 
(solvent) and the chemical 
pound (solute). These solubility re- 
lations will differ with chemical com- 
position and will not be capable of 
general] discussion. Substances which 
separate as solid crystals or liquid 
drops immiscible with the parent 
liquid at temperatures above the 
freezing point of the metal have 
some ability to rise through the 
liquid metal and become part of any 
covering slag layer. The speed with 
which they can be eliminated de- 
pends on the particle size, the dif- 
ference in density between the liquid 
metal and the solid or liquid inclu- 
sion, and the viscosity of the liquid 
metal, following what is known as 
“Stoke’s law.” We need not pursue 
the statement of this law further, 
but may point out that when the 
particles are very small, truly enor- 
mous time may be required for them 
to rise to the surface. 

If the sonim does not separat 
from the parent liquid until meta! 
crystals have begun to grow, it may 
readily be trapped among these crys- 
tals and never get out. If it is solid 
when trapped, it will take the form 
of angular or spherical solid masses 
embedded in the filler material o! 
the frozen metal. If its melting poin' 
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lower than that of the metal, it 
.ay be squeezed into thin sheets at 
he boundaries of dendritic crystal- 
lites. The pioneer work on this sub- 
‘ect. in the case of steel, was done 
by Sims and Lillieqvist. 


Feeding Castings 

In considering the flow of liquid 
metal into voids which require fill- 
ing up, we have so far tacitly as- 
sumed that the pressure exerted by 
whatever the atmosphere may be is 
the same at the surface of the liquid 
metal in the reservoir from which it 
is to flow, and on the liquid metal 
at the spot to which it is to go. This 
is not necessarily true; for example, 
a blind feeder may develop a com- 
pletely frozen shell rigid enough to 
prevent atmospheric pressure from 
having any effect. Such a feeder can 
not supply liquid metal to a place 
in which atmospheric pressure exists 
unless the intervening column of 
liquid is so high as to balance the 
atmospheric pressure and leave 
something over to cause flow. The 
liquid will be sustained in the feeder 
and passage to the casting by the 
same principle which sustains the 
mercury in a barometer tube at a 
height corresponding to atmospheric 
pressure. Steps must be taken to see 
that atmospheric pressure can be 
maintained upon the surface of the 
liquid metal in the feeder, for ordi- 
narily it would be quite imprac- 
ticable to use so high a column of 
liquid metal as would permit feed- 
ing in spite of the existence of the 
so-called “Torricellian vacuum.” 

Inventors have devised means of 
causing the void in the feeder to be 
at atmospheric pressure, either by 
establishing communications perma- 
nently with the outside atmosphere 
or by causing evolution of a gas in 
the upper part of such a feeder. If 
there is no venting, then a feeder 
may even suck metal from a casting 
just as the chemist sucks a liquid 
into a pipette. On the other hand, 
if the process is reversed and a 
vacuum maintained within the 
frozen shell of a casting, then that 
casting may feed from a supply of 
liquid metal whose surface is below 
the place being fed, again on the 
pipette principle. 

The improved solidity resulting 
from centrifugal casting is produced 
by the greater pressure of the liquid 
metal more readily overcoming the 
resistance to flow caused by viscosity 


or surface tension. 

It can be shown that the static 
head H required to produce the 
same pressure as exists at a point 
R, away from the axis of rotation, 
if the free surface of the spinning 
metal is R, from the axis, is given 
by the equation 

H= 27*n?(R,* — R,*) 


Oo 
— 





where n is the number of revolu- 
tions per second and g¢ the acceler- 
ation of gravity. 

Since a conductor carrying cur- 
rent will tend to move if placed in 
a magnetic field, such an arrange- 
ment can be used to apparently in- 
crease the density of a liquid metal 
carrying current and subject to such 
a field. A conductor of unit length, 
carrying unit current in unit mag- 
netic field, the direction of which is 
at right angles to the direction of 
the current, has exerted on it unit 
force in a direction at right angles 
to both. The process is said to be 
applicable to the casting of dental 
inlays. It may be well to record that 
the pressure (c.g.s. electro-magnetic 
units) at a distance S below the sur- 
face is 


P, = 22S (2h — S)1?/kwh? 


where fA is the total height of the 
liquid metal, J the current it carries 
(horizontally), « the width of the 
rectangular conductor and k the out- 
side width of non-magnetic refrac- 
tory containing the metal, the whole 
channel being imbedded in a highly 
magnetic material. The magnetic 
field is that induced by the current. 


Creep of Metal During Freezing 

While we are thinking about the 
effect of pressure on the liquid metal 
within a casting, we must bear in 
mind that at least in the earlier 
stages of freezing the solid metallic 
shell is quite plastic. Internal pres- 
sure will, therefore, cause it to 
stretch, thereby altering the external 
dimensions of the casting made from 
a given pattern, with a correspond- 
ing effect on the amount of shrink- 
age void which may have to be filled 
in, or better, the amount of liquid 
metal which may have to be fed to 
the casting. No very direct experi- 
ments exist covering this point. How- 
ever, Briggs and Gezelius experi- 
mented with the change in length 
produced when the contraction of 
straight steel specimens was retarded 
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by making them deflect springs of 
various degrees of stiffness in the 
process of solidification and cooling 
The bar restrained by the stiffest 
spring, turned out as one might ex- 
pect, to be the longest. We may 
conceive that this increase in length 
vepresents the degree of creep which 
the solid shell underwent in the time 
required for passing through various 
temperature intervals. That is to say, 
we may conceive of a bar in any 
given instant, shrinking as much as 
it wants to by virtue of its thermal 
properties but during the same in- 
stant, being stretched by an amount 
depending on the load on the spring 
at that particular moment, and the 
creep rate of the steel. The actual 
results are probably of no precision, 
but Fig. 33, taken from Briggs and 
Gezelius, indicates the principle upon 
which these creep rates might be cal- 
culated graphically. In this figure 
there are a number of individual 
groups of curves. Those numbered 
1, 2 and 3 are graphic representa- 
tions of the relation between tem- 
perature and percentage of stretch 
(determined by deducting from the 
contraction of an unrestrained bar 
the contraction of a bar held by a 
particular spring), the time (based 
on a private communication from 
Briggs), and the stress determined 
from the deflection of the spring; 
that is, from the contraction of the 
bar. The curves marked £, G and C 
in Groups | and 3, and later on in 
4, refer to three springs of three dif- 
ferent stiffnesses employed by these 
investigators. The curves of Group 
4 are determined by combining the 
information in Groups | and 2. The 
slope of the lines in Group 4 at 
chosen temperatures is then deter- 
mined (by drawing a tangent), and 
this slope plotted against load in 
Group 5. Group 5-A is merely a re- 
production of Group 5. We may 
then choose certain rates of stretch 
(1 per cent per minute) on each of 
the three curves and determine at 
what combinations of load and tem- 
perature these rates will occur. The 
dotted lines in Fig. 33 are the result 
of such graphic analysis. The se- 
quence of the graphic process is 
illustrated by the dotted lines of Fig. 
33. Starting at any point on the 
Curve 2, we project to the left until 
we intersect one of the curves of 
Group 1, here that for spring G. 
We also project to the right until we 
intersect the corresponding curve in 
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Fig. 33—Relation of Creep Rate at High Temperatures to Restrained Shrinkage of Steel 


Castings. 
Group 3, and still further to the 
right as may be required later. From 
the intersection of our projecting 
line with G in Group |, we project 
downward, turn 90° and project to 
the right into Group 4, by the fa- 
miliar process of obtaining a V pro- 
jection from H and P projections in 
descriptive geometry. The intersec- 
tion of the horizontal projecting line 
in Group 4, with a vertical line from 
the starting point, gives us a point 
on Curve G. At this point we draw 
a tangent intersecting the line of 
zero elongation. We lay off a con- 
venient time distance, here 10 min- 
utes, on the X axis, and erect a per- 
pendicular intersecting the tangent. 
From this intersection we project to 
the right in Group 5 until we meet 
the vertical projecting line coming 
down from Group 3, where it begins 
at the intersection of the original 
line with the G curve. This gives us 
one point in time which correlates 
the rate of stretch with the load for 
each of the three springs. 

For convenience, we transfer 
Group 5 to 5-A and project upward 
from the point which has been found 
on the curve G into Group 6 until 
we intersect the origina! projecting 
line. This gives us the combination 
of temperature and load which cor- 
responds to the rate of stretch meas- 
ured by the horizontal projecting 
line which starts from Group 4 to 
Groups 5 and 5-A, and an indefinite 
number of repetitions will produce 
as complete a figure of the type re- 
quired for Group 6 as may be 
needed. The construction is obvi- 
ously complicated and it is quite 
possible that the graphic solution is 
not sufficiently accurate to be of 
much practical service. 

The discussion is included here in 
order to emphasize the effect of re- 
straint which might be, by internal 
the contraction of a 


pressure, in 
casting. 


(Data of Briggs and Gezelius. 


Analyzed by the Author.) 


Experiments by Flagle and Chap- 
man, under the author’s direction, 
on the rate of stretch of white cast 
iron bars maintained under a con- 
stant load at elevated temperatures 
from 650° C. to 850° C. have shown 
that if the total time to reach rup- 
ture and the total elongation after 
rupture are each taken as 100 per 
cent, then 


E 0.457 + 0.0000557™ 


Here E is the per cent of the total 
clongation which has taken place in 
7 per cent of the total time. The 
relation is nearly independent of 
temperature or load, provided the 
latter exceeds a certain minimum as 
indicated immediately below. 

It was also observed that the in- 
itial rate of stretch -24- could be rep- 

Ldt 

resented as a function of applied 
stress, S$ (psi), in terms of two con- 
sonants a and f by the relation. 


db 


Lat — #(5 — B) 


These constants have the values 
shown in Table 7. 

It may perhaps be logically urged 
that the solidification of metals as an 
abstract problem in physics need not 


concern itself very much with freez- 





ing rates or with the effect of 
environment upon such rates. The 
a —a? 
th? ’ hz? 
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practical foundryman, however, be 
ing interested ultimately in the ques 
tion of directional or progressiv: 
solidification, and other similar con 
crete matters, will not be content wit! 
ignoring the question of how rapid), 
solid metal will be deposited upo: 
the walls of his mold. If he is tw 
feed castings adequately, then he 
must see to it, by entirely practica! 
methods, that solidification proceeds 
in such a way as to be first complet: 
at the points removed from his feed- 
ers, and that solidification of the 
casting as a whole goes on progres- 
sively toward these feeders. 


Thickness of Frozen Layer 

The transfer of heat within 
various systems has engrossed physi- 
cists since the time of the French 
Revolution. Books have been written 
on this subject alone, and heat 
conduction forms a part of many 
treatises on physics. It would be 
practically impossible, under the cir- 
cumstances for which this paper is 
prepared, to develop this subject 
adequately. A better and more use- 
ful approach is to quote liberally 
from the existing texts. As a matter 
of convenience for today’s purpose, 
the quotations will all be from 
MATHEMATICAL THEORIES OF HEa1 
ConpucTIoNn, by Ingersoll and Zobel, 
Ginn and Company, 1913. 

If the surface of the liquid be sud- 
denly lowered to some temperature 
#,, which is below the freezing point 
of the liquid, and kept there, it is 
possible to find the thickness e of 
solid metal which has formed in a 
given time 7. Ingersoll and Zobel, 
page 151 (13) show that 


«= aVt 


but it still remains to determine the 
value of a. 


They show, page 152 (20), that 








= — Loa V* 


io 58-) raft — 0(524)] 2 


Table 7 
CONSTANTS FOR DETERMINING INITIAL RATE OF STRETCH 
Temperature a B 
650° C. 0.000010 in/hour 15,500 psi. 
700° C. 0.000009 in/hour 6,000 psi. 
800° C. 0.000028 in/hour 3,500 psi. 
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; can be solved for a graphically 
plotting the left side of the equa- 

, as a function of a, and the right 

ie of the equation as a function of 
and seeing at what value the two 
ives intersect. We still have a 
riety of constants in the left half 
the equation which we must de- 
ne. These are k, and h,?, which 
present respectively the conduc- 
vity and diffusivity of the solid 
ibstance, and the corresponding 
nstants with the subscript 2 which 
present the appropriate constants 
‘or the liquid substance. The expres- 


(ai, ) 


eans the value of the expression 


95 all 
= = 2h, —p? d 
Va i ne 


(he latter expression can be found 
from probability integral _ tables. 
lime in this calculation counts from 
the moment when the first infinitesi- 
mally thin frozen layer appears. C, 
is the amount by which the tempera- 
ture of the liquid substance exceeds 
the melting point when T is equal 
to O; L is the latent heat of fusion 
of the substances and p is the density 
of the substance taken alike in the 
solid and liquid, even though this is 
not precisely accurate. C, is a nega- 
tive quantity corresponding to the 
difference between the constant’s 
surface temperature and the melting 
point. It is also possible to deter- 
mine the temperatures at various 
distances below the exposed surface 
of the solid. If x is the distance 
below the surface and 6, and 6, are 
the temperatures at distance x below 
the surface, the choice depending 
upon whether at that distance we 
find ourselves in the solid or liquid 
metal, and if 7 is the time measur- 
ing from the instant when the first 
solid appeared, then the authors 
show on Page 151 (11) and (12) 


that 


X 
6, = A, t B, 6 (soi) 


X 
6. = A, + B, 0 (aX) 


on 





ind 


Here A, = C, (In the preceding) 


a 

A, + B,6 (ai.): 0 
a 

A, + B.6 (six) 0 


A, + B, C, (In the preceding) 
Since we have been able to deter- 
mine a, the four equations above 
give us two equations for A, and B, 
and B,, so 
that it is possible to evaluate the A’s 
and the B’s. We thus have sufficient 
information to determine the thick- 
ness of the frozen layer and the tem- 
perature distribution in terms of dis- 
tances below the surface, all in terms 
of time, if we know the initial tem- 
perature of the liquid, the temper- 
ature to which the surface is sud- 
denly cooled and the conductivity, 
diffusivity, density, and latent heat 
of fusion of the substances under 
The problem looks 


and two others for A, 


consideration. 
somewhat formidable, but is really 
only tedious. It can be executed by 
anyone with a knowledge of algebra 
and the skill to look up values in the 
probability integral tables. A_ pos- 
sible stumbling block is the fact that 
the conductivity of a liquid is not 
especially easily determined or real- 
ized in practice. Few liquids will re- 
main still under the conditions we 
are considering where convection 
currents are at once set up by dif- 
ferences of temperature. 

This solution was first worked out 
by Neumann in connection with the 
freezing rate of polar ice. It is well 
to remember clearly what this con- 
dition implies. The freezing sub- 
stance is supposed to be a “semi- 
infinite” body; that is, a body with 
a flat upper surface extending in- 
definitely in all directions, and the 
body is supposed to extend indefi- 
nitely far at right angles to the sur- 
face. Such a solution as Neumann’s 
could not be applied to the complete 
freezing of such a body, for then 
there would come a time when the 
warmest part of the liquid was no 
longer at the original temperature 
C.. Steffan worked on the same 
problem, making the assumption that 
the liquid was and remained at one 
temperature. The only temperature 
that would fulfill this condition is 
the freezing point. Under these 
conditions he found in Ingersoll and 
Zobel, op. cit., page 155, equation 
39 


2C c,h? t 
P wot FA 
L 


where c, Is the spec ific heat, which 
is identical with the Neumann solu- 
tion if C, = 0. 
not give imaginary values for e be- 


The expression does 


cause C is itself a negative quantity 
Steffan’s solution does not demand 
that the body extend infinitely at 
right angles to its surface. The con- 
siderations applicable to a thin frozen 
layer, in which the gradient may be 
supposed constant from the freezing 
point on the inside to C, on the out- 
side also lead to the expressions in 
which ¢* is proportional to time 
None of our equations are good for 
anything but a flat boundary of in- 
definite area for the surface of the 
freezing substance. 
cerned with the surface of a prism, 
cylinder or sphere, mathematical cal- 
culations become very complex. It 
has, however, been definitely shown 
by Chvorinov, in Fig. 34, that on an 
experimental basis the time for com- 
plete solidification of a steel solid, 
regardless of its geometric form, is 
proportional to the square of its 
ratio of volume to surface area. The 
individual points in Fig. 34 represent 
the times for complete freezing of a 
great variety of castings of simple 
form, ranging in size from a plate 
10 mm. (0.4 in.) thick to a casting 
weighing 65 tons. The time for com- 


If we are con- 


plete freezing ranges from one min- 
ute to 27 hours. If Chvorinov’s data 
are correct, regardless of the shape 
of the casting, there is an implica- 
tion that heat transfer in the metal 
is indefinitely fast compared with 
heat loss from the surface. Other- 
wise the freezing time of a heavy 
section would not be influenced by 
the contribution to mass and surface 
of an adjacent light section. 

It seems that under practical 
working conditions, castings in sand 
molds freeze at the rates predicted, 
on the basis that time is propor- 
tional to the square of the distance 
solidified and that the temperature 
of contact between the metal and 
sand remains substantially constant. 
Briggs and Gezelius have furnished 
support for the latter assumption in 
Fig. 35. Their temperature measure- 
ments, taken at the center of a 9-in 
sphere, at a distance of 2% in. from 
the center, and at the mold metal 
interface, indicate that the interface 
temperature is somewhat nearly con- 
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Fig. 34—Freezing Time of a Steel Casting 
as a Function of the Relation of Surface to 
Volume. (Chvorinov.) 


stant from the beginning of freezing 
until even the center of the sphere 
has completely frozen. The temper- 
ature is exactly constant for a con- 
siderable portion of this time, and 
differs relatively little at the begin- 
ning and end of this period. Here, 
as in so many other cases, it is per- 
haps better to accept a simple rea- 
sonably close approximation than to 
attempt greater accuracy at the ex 
pense of complications. ' 

Briggs and Gezelius finally inter- 
preted their data for Fig. 36 in the 
form of an equation 


D = K,t™* + Ket 


where D is the thic’ ness cf the frozen 
layer, in inches, ¢ the time in min- 
utes and K, and K, constants de- 
pending upon the dimensions and 
form of the freezing object. For 
spheres these constants are as given 
in Table 8. 


Table 8 


CONSTANTS FOR BrIGGs’ AND 
GEZELIUS’ EQUATION 


Diameter K, RK; 
9 in. 0.342 0.125 
6 in. 0.346 0.172 
3 in. 0.309 0.428 


Although these parameters give lines 
agreeing well with the observations, 
they all depart in the direction of 
longer time from the observations as 
freezing approaches completion. 








It is instructive to compare their 


observations with Chvorinov’s, whose 


data implied that 


T = 0.02 (“) (in minutes and 
A millimeters 
where 7 is the time for complete 


and V and A 


are the volume and area of the test 


freezing in minutes, 


body in mm units. For a 9-in. sphere, 


= 1 1.5 in. 38 mm. and 
A 3 

T = 0.02 * 38? = 29 min. (approxi- 
mately). At 29 min. the Naval 
Research Laboratory would have 


formed a layer almost 5 in. thick, 
i.e., it froze in somewhat less than 
29 min. The relation T = 0.016 
(ry represents their extrapolated 
freezing times quite well. The differ- 
ence in interface temperatures 2575 
F. for Chvorinov and 2300° F. for 
Briggs and Gezelius, should have 
made the difference in the reverse 
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direction. 

The writer has re-plotted th 
data for all spheres upon a sing 
sheet, using as the unit of time, tl 


time for complete freezing, calcu- 
lated from the latter expression and 


as the unit of length the radius « 


the sphere. Provided as much as 0.18 


times the radius has frozen, th 
points fall rather well on a straight 
line joining 0.1 at zero time with 
1.0 at the freezing time. At the b: 
ginning of freezing the process i 
slower than required by the recti- 
linear relation. Since one is usually 
not so much interested in the initial 
stages of freezing, the relation 


T 


0.9 — 
v 


D_o; 
R 


where 7°) is the freezing time, may 
be convenient. 

Can it be that the constancy exists 
in the early stages of freezing but 
not later, so that extrapolation of 
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Fig. 35—Relation of Temperature to Time When Casting a 9-In. Steel Sphere. 
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Fig. 36—Rate of Skin Formation in Steel Spheres Cast in Dry Sand. 


the time of complete freezing can 
not be justified? 

An apparent discrepancy between 
Briggs and Gezelius and Chvorinov 
is found in certain data of the former 
relating to the freezing of rectangular 
prisms, all having the volume of a 
6-in. sphere but areas 1.35, 1.60 and 
2.10 times its area. Chvorinov’s ideas 
would require that the freezing time 
be inversely as the squares of these 
numbers, i.e., 0.55, 0.37 and 0.23 
times the time for freezing the 
sphere. Actually the rate of freezing 

inches per minute) was identical 
in all cases so that the extrapolated 
freezing times were inversely as the 
minimum dimensions or (€.6, 0.37 
and 0.23 if the thickness frozen were 
a linear function of time through- 
out, or 0.65, 0.41 and 0.18, making 
allowance for the curvature of the 
beginning. Apparently, therefore, the 
predictions are similar, at least by 
either set of data, and the experi- 
ments are not sufficient to point 
unequivocally to the most reliable 
theoretical explanation. 

The major discrepancy remaining 
s that the result on spheres showed 
the amount of metal deposited, per 
init area of surface to be a curva- 
inear and not a rectilinear function 
of time. This curvature is, however, 
upported by Troy’s data and by un- 
published observations by Yearly at 
the Chicago Works of the National 
Malleable and Steel Castings Com- 
any. 
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Briggs and Gezelius’ summarizing 
the relation of the volume of metal 
frozen per cubic inch in relation to 
time, as in Fig. 37, without regard 
to the geometric form of the speci- 

When a 
frozen the 


men cannot be correct. 
sphere has completely 
volume of solid metal per unit area 


of surface is 1/3 the radius 


ive 


Be 


4m R* 


For a 9-in. sphere this is 1% cu 
in.; for a 6-in. sphere, | cu. in.; for 
a 4'%-in. sphere, 0.75 cu. in.; and 
for a 3-in. sphere, 0.5 cu. in. The 
corresponding freezing time from 
these summaries are 6-in. sphere, 6 
min.; 42-in. sphere, 3% min.; 3-in. 
sphere, 1/2 min. However, their own 
data show that at 6 min. the 6-in. 


sphere has a frozen shell 1.8 in 
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Fig. 37—Rate of Solidification of Steel Nearly Independent of Form or Size of Specimen. 
(Briggs and Gezelius.) 
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24 
is 1.6 in. thick at 3% min.; and that 
of the 3-in. sphere about | in. thick 
at 1% min. Evidently their graph 
errs greatly in the direction of too 
short a time for small spheres and a 
more complicated relation is un- 
avoidable. 

The progress of incomplete freez- 
ing in the spheres cast at the Naval 


Research Laboratory can be ex- 


pressed fairly well by some such 
equations as 
= 2 
Yr 0.345 £- 
R? R 
T 
up to Be 0.128 
and 
D . 7 
0.06412 + 0.8548 | — 
R : ' a) 
r 
above R: 0.128 


where D is the thickness of the 
frozen layer at time 7 for a sphere 
of radius R in inch, minute units. 
Evidently only in the former equa- 
tion is D independent of R and de- 


pendent only on 7’. 


Temperature at the Surface 
of Contact 

The instantaneous temperature at 
the surface of contact is calculable 
for two semi-infinite solids of known, 
but different thermal properties and 
temperatures by the equation given 
by Ingersoll and Zobel, op. cit., page 
80, equation 49, 


 k10; habs) 
( i. _ 
“y oe ee 
(‘: he 

hy h, 
If one of the bodies is a liquid and 
the conditions are such that the in- 
stantaneous surface temperature is 
below the melting point, then the 
latent heat of fusion must be con- 
sidered, although the above equa- 
tion does not recognize it. Perhaps 
the simplest method of doing this is 
by a series of successive approxima- 
Assume instantaneous 

temperature. Divide the 
latent heat of fusion over the tem- 
perature range between 6, and this 
estimated temperature and add the 
amount to the specific heat c, of the 
substance, computing an assumed Ay. 
Using this value of h,, compute 45. 
Generally speaking, this will not 
come out the assumed value. Use 
the first approximation of 5 in com- 


tions. some 


surface 


puting a second approximation of h, 
and hence a second approximation 
of @,. A relatively few tria!s should 
further significant 
changes in @,. Another suggested 
method is to give to the liquid body 
a fictitiously high temperature calcu- 
lated by adding to its actual tem- 
perature the quotient obtained by 
dividing the latent heat of fusion by 
the specific heat and then proceed- 
ing directly as before. Chvorinov 
calculated and proved experimen- 
tally that the surface of contact be- 
tween a sand mold and liquid steel 
1450° C. regardless 
of minor variations in conditions. 


result in no 


Was very near 


This result agrees only fairly weil 
with Briggs and Gezelius’ observa- 
tions, for 1450° C. is about 2575° F. 
Some calculations made by the writer 
indicate that the instantaneous sur- 
face temperature at the boundary 
between a steel casting and a steel 
chill should be approximately 950 
C. Saito calculated that the surface 
of contact between an ingot and an 
ingot mold for ingots 160 cm. in 
diameter, poured at 1600°C. into 
molds at 0°C. should remain be- 
tween 850° C. and 870° C. after the 
first 15 min. for some three hours. 
The ingot should have frozen in 
about 21% hours. 

The temperature distribution with 
respect to time and to distance from 
the surface of contact of two semi- 
infinite solids of different properties 
and temperatures great 
mathematical difficulty. If the sub- 
stances are alike, the solutions are 
That simplified 
case, however, is of no consequence 


presents 


relatively simple. 
for our purpose. It has been shown 
mathematically that the temperature 
of the surface of contact of two semi- 
infinite bodies initially at different 
temperatures, does not change with 
time, whether the two are of the 
same or different materials. 

If 6, and @. are the initial tem- 
peratures, h,* and A,’ the initial 
diffusivities and #,, the temperature 
at the surface of contact then for 
various values of x and ¢ when posi- 
tive values of x are in material | 
and negative in material 2 
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These equations are not, howe 
applicable to a body whose stat 
changing. Except by 
ments as those of Briggs and G 
lius, we are, therefore, unable 
judge of what change of temperat 
occurs with time at the bound 
surface. In any event the restrict 
to semi-infinite solids would n 


such ex] 


any computation of little inter 
Eventually the temperature of 
boundary of a solid losing heat, d 
termines in part, how fast the heat 
is lost. It has been shown that 
the temperature C, in the Neuma: 
solution, discussed some pages ba 
falls sufficiently rapidly, « can by 
made a linear function of tim 
Obviously, therefore, in principle 
least, almost any relation of ¢ and 
time could be produced by establish- 
ing a suitable time temperature r 
tion at the surface of the freezing 
substance. As foundrymen we ar 
interested only in_ thos 
relationships which can be brought 


however, 


about under the conditions existing 
in the freezing of metal in a mold 

The observation that the thickness 
of metal deposited varies as_ th 
square of the time, suggests the de- 
sirability of studying freezing rates 
on the supposition that the freezing 
conditions are sufficiently nearly ap- 
proximated in practical cases if wi 
assume that the surface of the cool- 
ing casting is at constant tempera- 
ture until the casting is completel) 
solidified. The earlier discussion of 
the relation of Chvorinov and Briggs 
and Gezelius data of course does not 
support this assumption. It would 
be nice also if the surface tempera- 
ture could be taken as that calcu- 
lated for the instantaneously reached 
temperature at the surface of con- 
tact of the casting and mold. In the 
earlier stages of freezing we might 
also find it admissible to assume that 
the average temperature of the liquid 
and the average temperature of th 
solid are the same while freezing 
going on, although of course thes 
two temperatures are different f1 
each other. 

We cannot readily adapt 
mathematics to the treatment of a 
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ing but the flow of heat in one 
rection. We can, therefore, study 
nlv the rate of freezing of plates 
vhose extent is very great in length 
nd breadth as compared with their 
hickness. The rate of heat loss from 
ich a plate should be calculable 
rom the thermal properties of the 
old material and from the tem- 
erature of the surface of contact 
vhich, remember, is supposed to be 
onstant. It is shown by Ingersoll 
ind Zobel, op. cit., page 78, equation 
8, that: 


28, po " 
6=~—— e~f* dB 
hp eS 
2avt 


Where @ is, the temperature at dis- 
tance x below the surface of the 
semi-infinite body (for example, the 
sand in the mold), in time ¢ after 
the mold has been filled, if the con- 
stant surface temperature is #5, both 
9 and @, being measured above the 
initial temperature of the mold. If 
we choose to consider not a sand 
body so thick that its back surface 
does not heat during the freezing 
of the metal, but prefer to talk about 
a chill of finite thickness, then it is 
shown by Ingersoll and Zobel, op. 
cit., page 108, equation 128, that 


m= 0 


9 h?meint 
6, — 6, l = we > Cc FP 


m = | 


where / is twice the thickness of the 
slab and m is a whole number. In 
either case one may obtain the 
value of a. multiply this by k, the 
conductivity of the mold material, 
sand or metal as the case may be, to 


obtain a value of dH and integrate 


dt 

between the limits t= 0 and t 
any chosen amount for values of 
x = 0, in order to obtain the amount 
of heat which has been absorbed by 
the mold wall in the chosen time. 
Dividing this heat content by the 
heat given off when liquid metal is 
converted to solid metal at the tem- 
perature of the mold metal inter- 
face, the amount of metal deposited 
on the wall can be calculated. 

The results are not always very 
satisfactory. In Fig. 38, we have 
represented the results of such cal- 
culations by solid lines and have 
shown by dotted lines certain ob- 
served values obtained by Troy. It 
will be seen that the data for sand 
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Fig. 38—Calculated and Observed Rates of Skin Formation in Sand Cast Steel Ingots. 


molds agree, to all intents and pur- 
poses, precisely. However, the con- 
stant of proportionality between the 
time and the square of the thick- 
ness of the frozen layer is of an 


i 
rr: _ ma~rr 
* sin eee f sin > dr 
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order of magnitude about twice that 
derived from the Briggs & Gezelius 
data. The data for indefinitely thick 
chills show that Troy’s results are 
substantially about 0.7 of those cal- 
culated. This may well be due to an 
error in the assumption that the sur- 
face of contact of metal and mold 
retains the initial instantaneous tem- 
perature. More will be said about 
this shortly. 

Alternatively, it may be that the 
temperature at the surface of a chill 
is not the same as that at the surface 
of the casting after the two have had 
time to separate slightly, due to 
shrinkage of the casting. The cal- 
culations for chills of finite thickness 
made on the assumption as above 
that no heat leaves the back surface 
of the chill, bears little or no re- 
semblance to Troy’s observations. A 
calculation made by attempting to 
take into account the heat lost from 








the back of the chill, gives a curve 
somewhat nearer the shape found by 


Troy, but not yet in satisfactory 
agreement. If we depress this curve 
in the ratio of 0.7 to 1 on the as- 
sumption that this is the error in our 
assumption of surface temperature, 
then our entire curve falls below 
Troy’s observed curve, except per- 
haps in the first 25 seconds or so. 


Troy did not work with a slab of 


indefinite extent but with a block 
5x5x8 in., against one face of which 
a chill 3 in. square was set. It is 
quite reasonable to suppose that 
Troy’s chill lost heat not only from 
its rear surface but also from its 
edges, and that, therefore, it should 
have abstracted somewhat more heat 
than did ours. That it should have 
abstracted almost twice as much 
heat seems improbable and it is, 
therefore, apparently true that cal- 
culations based on this principle are 
applicable to sand molds if the sur- 
face temperature be calculated, and 
to indefinitely thick chills with a 
suitable correction of the calculated 
temperature but not to thinner 
chills. Troy’s curve for “adequate” 
chills, which are chills which behave 
substantially like infinitely thick 
chills, correspond empirically to a 
constant surface temperature of 
about 1100° F. (595° C.). 
dition indicated by Fig. 39, that in 
the beginning the freezing rate is 
not at all affected by the thickness 
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Fig. 39—Rate of Freezing of White Cast 
Iron in Sand Molds of Varying Properties. 
(Yearly, Shauss and Martin.) 


of the applied chill, but that at 
times increasing with the thickness 
of the chill, that thickness does come 
inte play in determining the freezing 
rate, is not only found in the com- 
puted cases, but is supported, 
through not so strongly, but consid- 
erable operating experience within 
the knowledge of the writer. 

For steel cast either against sand 
or a chill, the curve relating the 
thickness of the frozen layer to time 
has nearly the expected form, a 
parabola with its vertex at the ori- 
gin. This is not always true. For 
white cast iron poured into sand, 
loci have been found which do not 
pass through the origin and which 
are convex toward the time axis in- 
stead of concave. (See Fig. 39.) 

The reason for the former is sim- 
ple enough, the heat content of the 
liquid metal, above the relatively 
low temperature of complete solidifi- 
cation, is sufficient so that the tem- 
perature reached at the mold surface 
at the moment of contact is high 
enough so that solidification has not 
occurred and heat must be con- 
ducted into the mold before freezing 
can be seen to begin, which takes 
time. The same cast iron poured 
against a steel chill freezes at once 
and the rate of formation of the 
solid layer decreases with time. 

The increase in rate of solidifica- 
tion with time implies corresponding 
increase in temperature gradient at 
the sand surface except to the extent 
that a decreasing area of contact of 
liquid and solid metal distorts the 
form of the locus. Thus when, in 
Fig. 39, 0.78 in. of metal has frozen, 
the liquid metal is in contact with 
the solid for a width of 1.44 in. in- 
stead of 3 in. At that time for core 
sand, about 0.07 in. of metal are de- 
posited in 5 sec., or say 0.014 in. per 
sec., or about 0.02 cu. in. per in. of 


height. At the beginning 0.05 in. are 
deposited in 5 sec. or 0.01 in. per 
sec. or 0.03 cu. in. per sec. per in. of 
height. This represents a change in 
the direction of curvature of the 
locus. The figure incidentally gives 
an excellent illustration of the effect 
of permeability of sand on freezing 
rate. The “open” sands by virtue 
of their air spaces are poor conduc- 
tors and freeze slowly. The core 
sand, though “open,” has a good 
conductivity because of the bonding 
of adjacent grains by binder, which 
permits of conduction of heat with- 
out jumping over air spaces. 

It is interesting to note that when 
the deposition of a solid skin does 
not begin instantaneously, freezing 
begins in geometrically similar solids 
in times approximately proportional 
to the squares of the solids’ linear 
dimensions. A 3-in. prism began to 
freeze in a time interval about from 
3 to 3% times as great as a 1'/-in. 
prism. (4 min. would be the ex- 
pected time.) This is believed to be, 
in part, accounted for by measuring 
time from the moment when pour- 
ing was complete, and in part by the 
fact that the temperature of the 
liquid metal remains only approxi- 
mately uniform throughout. The 
agreement is probably as good as 
could be expected under the condi- 
tions of shop experiment with the 
assumption that amount of sand 
to be heated before freezing be- 
gins is proportional to the amount 
of metal from which its heat is de- 
rived, and that the time for a given 
temperature to be attained in the 
sand is proportional to the square of 
the distance below the surface. 

Mathematically, if two semi-infi- 
nite solids of the same material, but 
of different uniform temperatures, 
have their faces brought into con- 
tact, this contact surface should in- 
stantly take the mean temperature 
and should retain this temperature 
unchanged indefinitely. This prob- 
lem is not exactly analogous to the 
pouring of a heavy iron casting 
against a heavy iron chill because it 
does not regard the latent heat of 
fusion of the substance, because of 
mathematical difficulties. Whether 
because of the omission of this con- 
tribution of the heat content, or be- 
cause contact between the casting 
and chill is not necessarily main- 
tained, experimental data do not 
confirm this approximation of a 
constant contact temperature very 
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well. Figure 40 represents son 
measured interface temperatures ; 
determined by C. H. Junge in tl 
author’s laboratory. 

These data are offered, in par 
to show what contradictions ca 
occur. The surface temperature dor 
not remain constant nor does it var 
similarly for two thicknesses of chills 
The surface temperature which 
approached is not that which em 
pirically satisfies Troy’s observations, 
nor that which would be calculated 
from the initial conditions. 

It is quite evident that heat trans- 
fer from a casting to a chill is more 
complex than can be expressed by 
any of our simplifications. 

This information can be used in 
the computation of the amount of 
heat which a chill of infinite thick- 
ness will absorb. We have already 
seen, when quoting from Ingersoll 
and Zobel, on page 78, equation 39. 
what the relation of temperature to 
time and distance below the surface 
is in such a chill. The value of 
the coefficient of 6) in that equa- 
tion is shown as a curved line in 
Fig. 41, whose coordinates are time 
as abscissa, and the value of the 
coefficient measured along a_ uni- 
form scale as shown by the ordinate 
scale at the left of the diagram. The 
curve is computed for unit thick- 
ness of 1 cm. (If the material be 
iron, h? = 0.173). It is somewhat 
difficult to compare a -urve which 
has been experimentally determined, 
with these data, for a laborious com- 
putation for many points in each of 
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Fig. 40—Some Actual Chill Temperatures. 
(Junge in the Author's Laboratory.) 


Al 
n 












. 


Ain De SP LAWS 2 Ses A? 


H. A. ScHWARTZ 


veral thicknesses would be _re- 
ruired. We can, however, by distort- 
ng the scale of the ordinate, con- 
vert the curve of this diagram into 

straight line. This has been done 
or a straight line whose slope was 
rbitrarily chosen to represent unit 
listance below the surface. The ap- 
ropriate non-uniform scale for the 
oefficient is shown in the ordinate 
cale at the right of the figure. 

By taking advantage of the fact 
hat the time to reach any chosen 
emperature at a given distance be- 
w the surface varies as the square 
f that distance, we can then at 
nce rule in a series of straight 
ines, each representing a different 
thickness, thus greatly facilitating 
the evaluation of the diagram. 

Figure 41 was chosen to show the 
ipplication of the method rather 
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than for practical application. The 
non-uniform ordinate scale widens 
out very rapidly until the value of 
unity for the coefficient is reached 
only at an infinite distance. In Fig. 
42 we have shown a very similar 
diagram drawn to a different scale, 
choosing the latter so as to bring 
the values of the times and coeffi- 
cients within the range most useful 
for the interpretation of Fig. 40. 
The dots on this diagram represent 
the observational data of one of the 
curves in Fig. 40. The ordinate for 
each observation was determined by 
dividing the observed temperature 
rise by the total temperature rise. 
It will be seen that the observed 
points can be fairly well represented 
by a straight line such as that shown 
dotted in the figure. Such a line by 
its slope will indicate the distance 
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Fic. 41—Scheme for Simplifying the Representation of the Time Temperature Relation at 
Various Distances Within a Semi-infinite Body by a Change of Scale. 
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Fig. 42—Scheme for Correcting for Heat- 
ing Rate of Chill Surface When Calculating 
Freezing Rates. 


below the surface of a uniform chill, 
at which such a temperature time 
relation might be expected to occur. 

The fact that the dotted line does 
not run through the origin suggests 
that the results can be empirically 
interpreted as representing the lapse 
of a small period of time before any- 
thing happens. The fact that the 
dotted line, instead of being straight, 
is actually concave upward, may be 
due to uncertainties arising from the 
opening out of the scale near the 
top, or may be an indication of a 
change in heat transfer from casting 
to chill as cooling goes on. We are 
thus in a position to say that the 
conditions at the surface of the ac- 
tual chill are those which would be 
expected at a particular distance be- 
low the surface of a theoretical chill 
if the pouring had actually taken 
place a little later than it actually 
did. This is to say we substitute for 
the value of time in the equation, a 
new time obtained from that which 
was observed by subtracting an ar- 
bitrarily determined constant. 

It is, of course, to be remembered 
that since it takes time to fill a 
mold, the selection of zero time is in 
any event somewhat vague. Having 
the temperature time relation of the 
surface of a real chill and consid- 
ering it as a plane situated in an 
infinite chill at that distance below 
the surface which Fig. 40 requires, 
we can determine the rate of heat 
absorption by that part of the infi- 
nite chill more distant from the 
metal which has been poured than 
the predetermined distance below 
its surface. The mathematics for do- 
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ing this is rather simple, by differ- 
entiating Ingersoll’s quoted equation 


38 to obtain a value of a. Multi- 


plying this value by the conductivity 

of the chill material give a value 

for dH which represents the rate of 
¢ 

heat input into the chill. 


Ingersoll and Zobel, page 79, 
equation 44, with a slight change in 
nomenciature, arrive at the result 


0p wa 

dt hv rt 
which setting the values of h*® and & 
for iron in the appropriate places, 
becomes 

0.24 1.45%? 

dH ce ——— 

—- > — ¢ 

dt Vt 
with sufficient accuracy for our pur- 
pose. 

Plainly the heat absorbed by that 
portion of an infinite chill lying 
more than distance x away from its 
exposed face in time f¢ is 


t 
»\% ieee 
H = 0.26, (+) é é dt 
A t 


This integral can be represented by 
the rapidly converging series in 


can be treated as we did the freez- 
ing of a slab. However, as soon as 
the thickness of the frozen layer 
ceases to be negligibly small com- 
pared with the ingot’s diameter, 
then heat no longer flows out in 
parallel paths perpendicular to the 
surface, but in radial paths, to 
which our earlier discussion is not 
adapted. Near the corners of a 
casting, heat is abstracted in at least 
two directions, so that freezing takes 
place more rapidly than at the mid- 
dle of a flat side. The conversion of 
this qualitative statement to a quan- 
titative formula when latent heat of 
fusion is also to be considered, can- 
not be attempted. The problem of 
a sphere of a given substance at a 
known temperature above its sur- 
roundings, immersed in an infinite 
mass of the same material, is solved 
by Ingersoll and Zobel, page 126, 
equation 13. It is, however, of little 
application to foundry problems. 

J. B. Austin has discussed the ap- 
plication of a series of tables calcu- 
lated by Russell for the Alloy Steel 
Research Committee. These tables 
give the temperature by which a 
point in an infinite slab, or in a 
cylinder of infinite length, differs 
from the temperature of the sur- 
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in which a = 1.45? for an iron chill. 
The x for the problem under dis- 
cussion is that deduced from Fig. 41. 

The preceding series, of which 
only a few terms need ordinarily be 
used, has other applications. For 
molding sand a in this expression 
has the value 51, with which altera- 
tion the series is applicable to that 
material. 

The expression for the tempera- 
ture within a semi-infinite body as a 
function of distance below the sur- 
face and time when the surface is 
suddenly raised and maintained at a 
given temperature above the initially 
uniform temperature of the body, 
shows on simple inspection that for 
different materials the time temper- 
ature relation is the same at dis- 
tances proportional to the corre- 
sponding value of A. 

When we come to consider the 
freezing of more complex objects, 
the mathematical treatment becomes 
prohibitively complicated. In the 
beginning the freezing of a round 
ingot, or indeed of a square one, 


roundings, which the whole mass of 
metal will finally attain; in terms of 
the rate of heat transfer across the 
surface of the object, its half thick- 
ness (or radius) the position of the 
point from the median plane or cen- 
ter expressed as a fraction of the 
half thickness or radius, and in 
terms of a relative time which is 


equal to x t, where / is the half 


thickness (or radius) and ¢ is the 
time. The system of units is at first 
confusing but presents advantages in 
the direction of simplifying the cal- 
culation. The rate of heat transfer 
is an experimental constant specific 
to a given substance and given sur- 
roundings, but independent of the 
dimensions of the body. It must be 
obtained for each set of conditions 
by direct experiments by matching 
an observed heating or cooling curve 
against calculations made for vari- 
ous values of transfer rate. 


The most interesting applica- 
tion of these principles is that they 
permit the calculation of the time 
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temperature relation at a cho 
point within a solid of any gi 
reasonably simple form. For 
ample, a point within a rectangu 
block, say 10 cm. X 20 cm. 
cm., which is 5 cm. below the s 
face in the direction of the 10- 
dimension and 2 and 10 cm. in 
other two, can be treated suc: 
sively as 5 cm. below the surface 

a 10-cm. slab, 2 cm. below the sur- 
face in a 20-cm. slab and 10 cm 

a 30-cm. slab. For each conditi 
the fraction of the total temperatur 
change which is not yet accor 
plished can be calculated and thy 
actual fraction still remaining is th: 
product of the three fractions. Th: 
treatment was developed in conne: 
tion with the problems connected 
with the heat treatment of steel, but 
is equally applicable to our purposes 
Its principal source of error is that 
there is no way to take into account 
latent heats of fusion (transforma- 
tion in the case of steel heat treat- 
ments). Russell’s tables are too vol- 
uminous for reproduction here but 
can be found in Austin’s publication 
Schwarz suggested treating the prob- 
lem of an ingot freezing in a chill 
mold as a heat source and proposed 
taking account of the air space bh: 
tween the ingot and the mold wal! 
by considering the fall of tempera 
ture through it and its conductivity 
This neglects any contribution mad 
to the heat transfer between th 
casting and mold wall by convectior 
currents or radiation. 


Difficulties in Computing 
Freezing Rates 

There are also other difficulties ' 
computing freezing rates in relation 
to directional freezing arising out ol 
heat conduction parallel to the mold 
surface. Quite evidently if we im- 
agine a vertical cylindrical casting 
whose lower portion is surrounded 
by a hollow cylindrical chill, and 
whose upper portion is surrounded 
by sand, and if we consider only 
conduction perpendicular to tli 
castings surface from the metal 
the mold, the chilled portion \ 
freeze before the sand cast portion 
This will produce a_ temperat 
gradient inside the partially f: 
casting so that at a given dista: 
from the surface the metal is col 


t 


below than above. The upper p '- 


tion of the cylinder then cools 
only by conducting heat radially « 
ward, but also by conducting 
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Fig. 43—Temperature Distribution in Core of a Magnesium Casting. (Chamberlin and 
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axially downward. The result is 
then that the upper part of the cylin- 
der freezes more rapidly and the 
lower part less rapidly than would 
be predicted considering the two 
portions entirely separately. Further- 
more, the chill loses some heat from 
its upper surface to the sand above 
it. This causes a slower absorption 
of heat into the sand from the upper 
part of the casting and thus slows 
down the freezing there while the 
reverse process accelerates the freez- 
ing of the chilled portion. Which of 
the two actions will be predominant 
is again a problem whose mathe- 
matical expression is beyond this 
writer's knowledge. An additional 
complication is the heating of sand 
by metal flowing past it. It is very 
plain that in such problems as this 
we are much handicapped by our 
inability to handle the mathematics 
involved. Even very simple condi- 
tions correspond to difficult or im- 
possible mathematical operations 
Further complications arise in com- 
puting the cooling rate of metal in a 
mold when the material of the lat- 
ter contains combustible material 
such as core binders. The burning 
of such organic compounds gener- 
ates heat within the mold and re- 
tards the cooling rate considerably. 
Chamberlin and Peters recorded in- 
stances when temperatures higher 
than the surface temperature were 
reached when heating cores in con- 
stant temperature furnaces. Some 
typical records of temperatures ob- 
tained by these workers within cores 
in castings are shown herewith, Figs. 
43 to 46. 

In the foundry one encounters few 
cases where liquid or solid metal 
loses heat by radiation from a bare 
surface. Perhaps it is convenient to 
have the facts recorded for refer- 
ence. The Stephan-Boltzman equa- 
tion states that the amount of heat 
radiated by a black body is propor- 
tional to the fourth power of the ab- 
solute temperature. The constant of 
proportionality is 

13.73 X 10° calories, 
cm.~* secs." deg.~* 
That is to say that a black body 
radiates 13.73 calories per square 
centimeter per second multiplied by 
the fourth power of its absolute tem- 
perature. 

“Black body” conditions are real- 
ized only in closed furnaces at uni- 
form temperatures. Hot surfaces ex- 
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Fig. 446—Temperature Distribution in Core in an Iron Casting. (Chamberlin and Peters.) 


posed to ordinary surroundings ra- h? = 0.173) 0.7225 sec. after the 
diate less rapidly. Molten copper surface has been instantaneously 
radiates only about 15 per cent as heated by 6). The odd value of time 
much energy as a black body, molten wets dienes thavonne & ix Ghee Ad coe- 
iron 27 per cent, iron oxide 88 per responding to Ax = 0.5 cm. At the 
cent and copper oxide 83 per cent. left of the figure we solve the prob- 
In the unusual case when heat ra- lem using Aw: 0.5 cm. and Af 
diation is to be considered, these 0.7225 sec. The construction of the 
data may suffice for heat loss calcu- figure will probably require refer- 
lations. ence to Sherwood and Reed, but the 
Sherwood and Reed describe in (approximate) temperature distri- 
detail a graphic method invented by bution at various simple multiples of 
Schmidt for plotting temperature 0.7225 sec. is represented by the 
distributions for linear heat flow in bechee! line naniilind of its tower end 
the “unsteady state,” i.e., when by the integers according as the time 


given points in the heat conducting 
body change temperature with time. 
The principle of Schmidt’s method 
is that if the unit of time At is re- 
lated to the unit of length Ax, by 


Ax? 
at = 348 0.8 


then the temperature of a given 





point at a given time is the mean 
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is 0, 1, 2, 3, ete. times At. At zer 
temperature the approximation is ; 
straight line extending from X = ( 
4 = 6, at the upper left corner t 
x = 0.5 cm. (Ax), 6 = O at its lowe 
end. At time 0.7225 sec. (At) th 
line starts at the same point an 
runs to 6 = O at x = 1.0 cm. (2Ax 
At time 1.445 sec. (2At) the locu 
starts as before and runs throug! 
the points 6 = 0.50 6, at x = 1 cm 
(2Ax) and 6=0 at x 115 en 
(34x). The interpretation of the re 
maining lines up to ¢ = 5At ca 
probably be followed. 

The line for t = 0.7225 sec. has 
been transferred as a dotted line to 
the right half of the figure opening 
the scale of abscissa in the ratio of 
5 to 1. The dots represent the an- 
alytically computed values indicat- 
ing a very poor agreement. 

The graphic solution was repeated 
making Ax = 0.1 cm., which in- 
0.7225 

5 


volves changing At to sec., 


and means that 0.7225 sec. is now 
25 At instead of At. In the new 
solution the line for 25 At represents 
with greater precision, the same 
state as At in the original. The 
broken continuous line is the result 
and now evidently is a close ap- 
proach to the correct values. 

The uncertainties are of a char- 
acter particularly affecting the slope 





of the temperatures which were pos- 06 
sessed A¢ earlier by two points, Ax ’ 
on each side of it (in the direction of 








heat flow). 
The method requires no knowl- 


0-8, 





edge of the mathematics involved 004 F 
and is applicable to very complex 








or surface temperatures. For prob- 








conditions of initial heat distribution 








lems such as the present, it has the 0.2 
disadvantage of either lacking pre- | 
cision as to temperature gradients 

















near mold surfaces soon after the 
mold is filled, or requiring many 


























steps in a given time period. 0 / 


The point is illustrated in Fig. 47 fine. - 
1e point is illustrated in Fig. 47. Dislance (x cm) 


We desire to know the temperature 
(@), as a function of distance below 


as 10 


Fig. 47—Successive Approximations to Heat Distribution in an Infinitely Thick Slab by 


the surface, on an infinite chill Schmidt's Method. 
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{ the line when x = 0, a value we 
would much like to have precisely 
n order to compute heat input. 
Lacking it, we must proceed from a 
calculation of heat content using the 
mean temperature. Despite its limi- 
tations Schmidt’s method permits us 
to solve, even though laboriously, 
ome problems too complicated for 
inalytical expression. Since the pro- 
cedure is littke known to foundry- 
men, or even to engineers, a few ap- 
plications may usefully be indicated. 
- One might compute the tempera- 
ture distribution in a chill of known 
diffusivity and thickness if the time 
temperature relation on its two faces 
is known, as for example in Junge’s 
data already plotted. To do this one 
divides the chill thickness into a con- 
venient number of steps (Ax) and 
computes the required At. One then 
draws a diagram consisting of two 
vertical boundaries separated by a 
distance representing the chill thick- 
ness and erects vertical ordinates at 
intervals of Ax. Along the boun- 
daries one marks off the tempera- 
tures existing at the series of simple 
multiples of At on each face, using 
the known time temperature rela- 
tions and then constructs @ vs. X 
curves by the usual methods. Junge’s 
data do not extend to the origin 
t=O) so are not suited to our 
evaluation. Using extrapolated tem- 
peratures up to 12 sec., the approxi- 
mation is grossly inaccurate; from 
there on to 45 sec. the temperature 
gradient approaches a straight line. 
‘his condition cannot be permanent 
because the back face heats long 
after that time. 
Effect of Chills 

A very important problem which 
is poorly adapted to analytical treat- 
ment is that of the temperature dis- 
tribution in a chill backed up by 
molding sand whose outer surface is 
maintained at constant temperature. 
For example, a chill 2.75 cm. thick 
is backed up by sand so thick that 
the outer surface does not reach 
room temperature. What are the 
temperature gradients in the chill 
and sand as a function of time if the 
chill surface is suddenly maintained 
at a temperature #@, above room 
temperature. To solve the problem, 
it is desirable to choose Ax so that 
the chill thickness is (n + Y%) Ax 
vhere n is some whole number. In 
ur problem Ax = 0.5 cm. will be 
onvenient for illustration (m = 5). 
(hen as before At = 0.7225 sec. 
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Fig. 48—Temperature Distribution in a Chill 


Since the diffusivity of sand is 
0.0049, the Ax for sand correspond- 
ing to At = 0.7225 sec. is 0.084 cm. 

It is quite easy to treat either the 
iron chill or the sand body by the 
conventional Schmidt method, but 
special methods are required to con- 
nect the two constructions. In our 
present problem we can carry the 
usual construction forward to the 
point where we point 
distance 4Ax below the surface at 
time 5At. We know that this point 
should be connected with the point 
5Ax for t = 5At, but 5A is beyond 
the sand chill interface. 


locate a 


The temperature gradients on the 
two sides of the interface must be 
inversely as the conductivities of the 
corresponding materials (0.1436 for 
steel and 0.0037 for sand). If, there- 
fore, we magnify the x scale in this 
ratio, (practically 6 to 1) for points 
in the sand body as compared with 
points in the metal body, a line of 
constant slope represents the proper 
change of ae when crossing the in- 
terface. 

In Fig. 48 points are set off along 
the horizontal axis representing suc- 
cessive steps of Ax. To save space, 
the steps do not begin at 0, the chill 
surface. The linear distance corre- 
sponding to Ax varies in the ratio of 
0.084 X 6 1, 1. The 

0.5 
of one step in distance is smaller in 
sand than in steel for a given step in 
time (here 0.72 + sec.), but is mag- 
nified as required by the relative 
conductivities. By the usual succes- 
sive steps the open circles at 2Ax, 


actual value 


7 & 


Backed by Sand. By Schmidt's Method. 

3Ax, 44x, can be obtained without 
need to consider a change of mate- 
rial. The point at 64x is obviously 
at 0 as marked by the dot, and that 
at 5Ax is obtained by joining the 
one at 4Ax to the base of an ordi- 
nate located Y2Ax (steel scale) to 
the right of the interface and mark- 
ing the intersection of this line with 
5Ax as shown by the dot. This con- 
struction will be plainer later on. 

To obtain the line for the next 
time interval we proceed as usual so 
long as we remain exclusively on 
one side or the other of the inter- 
face. To obtain the points distant 
14Ax on each side of the interface a 
spectral construction is made. Ordi- 
nates are erected, as dot and dash 
line distant by Y2Ax each side of 
the interface but with the scale re- 
versed; i.e., the ordinate located in 
the chill is at a distance proper for 
sand and vice versa. 

The line representing the tem- 
perature gradient is extended as 
necessary to intersect these two con- 
struction lines and these intersections 
are used instead of the points 
actually on the locus in determining 
the intermediate points. Two lines 
(heavy and light) are plotted in the 
figure for two time intervals beyond 
that corresponding to the circles. In 
the upper right corner of the figure, 
these two lines are re-plotted with a 
uniform linear value of Ax to show 


the actual change of slope ao the 


interface. Radial heat flow in cylin- 
drical or spherical objects can be 
solved by the use of logarithmic or 
reciprocal scales for measuring the 
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radius. 

The preceding method can be ex- 
tended to take care, approximately, 
of a change of conductivity with 
temperature. The process is labor- 
ious, involving the selection of a 
desirable At and the subdivision of 
the solid into which heat diffuses 
into layers of predetermined thick- 
ness, each of which is momentarily 
assured of constant temperature and 
conductivity. The mean temperature 
of each is re-computed for each new 
time interval and corresponding 
values of Ax changing with time and 
distance below the surface calcu- 
lated. 

This process has been applied to 
the problem of the semi-infinite sand 
mass with constant surface tempera- 
ture, assuming that the sand trans- 
mits heat by both conduction and 
radiation. In that case the apparent 
conductivity is something like :— 
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Fig. 49—Isothermals at Intervals of 0.1 ¢ in a Sand Body, Two Non-Parallel Surfaces Heid at 
Constant Temperature. 


k = 0.0037 + 166° X 10°*% 
when @ is the absolute temperature 
(degrees Kelvin) and k is in calories 
per second per square cm. per degree 


Table 9 


‘TEMPERATURE ELEVATION AT VARIOUS LOCATIONS AND TIMES IN SOLID SHOWN 
IN Fic. 49 1In TERMS OF ORIGINAL SURFACE TEMPERATURE ELEVATION 


Line Time 
1 2 3 
Mm 0 
1 
2 
3 
oT 
5 
6 
a 0 
l 
a 2 
3 
4 
> 
S 
c VU 1 
1 1 
2 l 
3 1 
4 l 
5 l 
6 l 
d 0 1 0 
l l 0.50 
2 1 0.50 
3 | 0.62 
4 1 0.65 
5 l 0:78 
6 1 0.77 
¢ 0 l 07 0 
l 1 0.50 0 
2 | 0.62 0.25 
3 | 0.72 0.34 
4 1 0.76 0.60 
5 l 0.84 0.55 
6 l 0.85 0.62 


Columns 
fi 5 6 7 
1 0 0 0 
1 0.25 0 0 
l 0.31 0.06 0 
l 0.39 0.09 0 
l 0.42 0.13 0 
l 0.71 0.16 0 
| 0.72 0.25 0 
l 0 0 0 0 
l 0.50 0 0 0 
l 0.56 0.19 0 0 
1 0.61 0.22 0.06 0 
l 0.62 0.29 0.08 0 
I 0.67 0.31 0.11 0 
l 0.67 0.42 0.13 0 
0 0 0 0 0 
0.50 0 0 0 0 
0.50 0.27 0 0 0 
0.63 0.27 0.12 0 0 
0.60 0.37 0.12 0.05 0 
0.62 0.37 0.19 0.05 0 
0.69 0.42 0.20 0.08 0 
0 0 0 0 0 
0 0 0 0 0 
0.25 0 0 0 0 
0.25 0.13 0 0 0 
0.50 0.13 0.06 0 0 
0.50 0.25 0.06 0.03 0 
0.56 0.26 0.10 0.03 0 
0 0 0 0 0 
0 » 0 0 0 0 
0 0 0 0 0 
0.13 0 0 0 0 
0.18 0.06 0 0 0 
0.31 0.12 0.03 0 0 
0.36 0.18 0.05 0.02 0 


Nore: Non-conducting surfaces are allowed for in ae by including an additional imaginary 
layer at top and bottom whose temperature is always that 


jacent layer. 





Kelvin (or Centigrade) per cm. An 
analytical solution of the problem 
has been beyond those mathemati- 
cians to whom it was presented. A 
solution by the Schmidt method 
seems to show that under these con- 
ditions after a time interval of about 
a minute the rate of heat input be- 
comes nearly constant, somewhat 
similar to the relation of thickness 
of metal frozen to time observed by 
Briggs and Gezelius and by Troy. 

The Schmidt method has been de- 
scribed at somewhat excessive length 
because it is little known, requires 
no higher mathematics, and can 
solve, laboriously, it is true, very 
complex problems. Further study in 
the references is recommended. 

A numerical method similar in 
principle can be applied to two and 
three dimensional heat flow. For the 
two dimensional case :— 


was 
at = "4h? 





Instead of averaging graphically, we 
average numerically. As a crude ex- 
ample, consider a trapezoidal mass 
of sand as shown in Fig. 49, whose 
sloping surface is suddenly raised by 
6, as by pouring in metal while the 
back face is maintained at room 
temperature as by a water cooled 
chill. The upper and lower surfaces 
are insulated. Designating selected 
stations in the sand by a letter and 
number corresponding to the ord 
nates marked in the figure, we ca 
compute temperature at successi\ 
times, as recorded in Table 9, f 
six successive times. 

An entirely different approach | 
heat flow problems arises out 
similarities between heat conducti: 
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d electrical conduction. It is pos- 
to set up an electrical circuit 
ilogous to a heat path, using elec- 
cal potential as the equivalent of 
perature, quantity of electricity 
oulombs) as the analogue of quan- 
of heat (calories) and capacities 
id conductivities which are found 
both systems. The laboratory 
uipment, illustrated in Fig. 50, is 
tremely complicated and precise 
nce expensive—but it exists at one 
\iversity at least. By studying the 
ectrical behavior of a circuit equiv- 
ent to the heat problem to be 
lved, it is possible to investigate 
onditions too complicated for 
athematical conclusion and do it 
nuch more quickly and _ precisely 
han by studying the heat distribu- 
n in the real system. 


Shape of Voids 

It is of some interest to know what 
the shape of the void left when 
etal freezes may be. Obviously the 
nswer will be different, depending 
ipon the shape of the piece being 
cast. It is shown by Field that if a 
ylindrical body cools, losing heat 
only to its curved surface and not 
through the ends, then 


1 


logy = a*log x + logh — 2a: logr 


where y is the vertical coordinate on 
the surface of the shrinkage cavity 
orresponding to x for a radial co- 
ordinate; r is the radius of the cast- 
ing and hf the initial height of liquid 
poured into it; a is the coefficient of 
contraction on solidification. It is 
quite plain from the form of this 
equation that when x= 0, the 
logarithm of y is negatively infinite, 
and hence under these conditions 
the centrol pipe will always extend 
to the bottom of the casting. If the 
mold is not cylindrical but has a 
larger cross-section at the bottom 
than at the top, then for molds of 
similar cross-section, without loss of 
heat at the top or bottom, Field 
finds that 


2a log (x/ 











Fig. 50—Apparatus for Studying Heat Flow by Its Electrical Analogue. 


(Courtesy of 


Product Engineering.) 


diameter at the bottom than at the 
top, the shrinkage cavity extends 
clear through to the bottom under 
the conditions assumed, If, however, 
r. is less than 7,, then the surface of 
the shrinkage cavity cuts the axis 
of the mold at right angles at a finite 
value of y. 

Since even our simple cylindrical 
mold cannot be filled instantaneously, 
the metal in the bottom is presum- 
ably colder than the metal in the 
top, which represents, so far as cool- 
ing or freezing rate is concerned, 
the equivalent of a mold tapered so 
as to be smaller at the bottom than 
at the top. 

It is altogether possible for simpli- 
fied conditions corresponding only 
approximately to the circumstances 
occurring in practice, to calculate 
how far within a body the shrinkage 
void should be found. The calcula- 
tion was made by the present writer 
in another connection for a copper 
sphere poured into, and cooling in 
contact with a copper chill (actual 
contact would not be maintained) 
and neglecting the latent heat of 


a(re — 13) ar, a 





log y = logh + 


sin 6 
Here r, is the radius at the top and 

that at the bottom of the mold, r, 
s thus greater than r,. If the condi- 
tions are reversed and 7, is greater 
than r, then the resulting equation 

the same as above except that a 
lus sign is substituted for the minus 
gn before the third term. When 
he mold is cylindrical, or greater in 


2.3X 93r, 23 


fusion of copper. In Fig. 51, the 
temperature in such a sphere 20 cm. 
in diameter, is plotted, each line 
representing the temperature of a 
separate isothermal surface, which 
would be a spherical surface; the 
several isothermals being located at 
various distances from the surface 
as marked. Assuming that 


G 
4. 


0.75 


that is to say, that. the metal was 
poured at a temperature such that 
the freezing point is three-fourths of 
the metal’s temperature on the con- 
ventional Centigrade scale, then the 
freezing point in the diagram is rep- 
resented by the lower dot and dash 
line. Let us consider, for example, 
the moment in time when the sphere 
has frozen so far that the radius of 
the liquid body is 5 cm. This time 
ordinate is located by finding the 
intersection of the 5-cm. isothermal 
curve with the 0.75 line for the 
value of 5 


Evidently at lesser radii than 5 cm. 
the metal is liquid; at greater, it is 
solid. The cooling rate of any given 
isothermal spherical surface at this 
moment can be determined by draw- 
ing a tangent to its time temperature 
curve at the point of intersection of 
the latter, with the time ordinate de- 
termined by the intersection of the 
j-cm. curve with the freezing point. 
Knowing the coefficient of thermal 
expansion of the metal, we could 
translate these curves into shrinkage 
rates. We can then, by averaging, 
determine the shrinkage rate of the 
solid and liquid metal respectively 
at the moment when freezing has 
progressed inward by half the radius. 
A similar construction can be made 
for the other thicknesses of solidified 
layer and curves can be drawn rep- 
resenting the rate of shrinkage of the 
solid and of the liquid as a function 
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Fig. 51—Rate of Contraction of Metal within a Cooling Sphere. 


of the thickness of the frozen layer. 
These curves will be widely different, 
depending upon the degree of super- 
heat, as is shown in Fig. 52. Here 
two pairs of curves are shown, rep- 
resenting a superheat corresponding 


to 


A 
0.75 and 0.90 


0 0 


That is to say, in one case the super- 
heat is one-third the melting point 
and in the other one-ninth. 
With the greater superheat, the solid 
and liquid curves never intersect, so 
that the liquid center always con- 
tracts faster than the solid exterior. 
A shrinkage void then begins to form 
from the very moment of freezing, 
but appears not as an interior cavity 
but as a pipe extending inward from 
the surface. In the second case, with 
cooler pouring, the liquid contracts 
more slowly than the solid, which 
means that the solid has to be 
stretched by creep, until the radius 
of the molten metal is between 5 
and 6 cm. Thereafter the liquid con- 
tracts more rapidly than the exterior, 
and a shrinkage void begins to form, 
buried by something over 4 cm. be- 
low the surface of the sphere. 


case 


LZ? UWpbjtrary Seale) 
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The particular conditions for whic! 
this calculation made are « 
little interest in practice and wer 
chosen merely to illustrate the prob 
lem. It is of some interest, however 
to note how pouring temperatur: 
can affect the location of a shrinkag: 
void in a casting, even in over sim 
plified cases. 


was 


Conclusion 

If the writer has been at all suc- 
cessful in his purpose, it will now 
be clear that most of the problem 
connected with the solidification of 
metal, both in the abstract 
and in the sense of making solid cast- 
ings, can be solved by the applica- 
tion of classic principles of physics 
The existing difficulties arise out of 
the experimental handicaps in de- 
termining some of the constants in- 
volved, and out of the mathematica! 
difficulty incident to evolving solu- 
tions corresponding to the rather 
complex cases occurring in the most 
ordinary foundry practice. What is 
really the most fundamental engi- 
neering problem in the foundry in- 
dustry—the making of castings—has 
been almost neglected. 
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Fig. 52—Relative Shrinkage Rate of Surface and Interior of a Freezing Sphere. 
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Addressing the last International 
Foundry Congress in London in 
939, Sir W. Lawrence Bragg, 
‘avendish Professor of Physics at 
Cambridge, made the statement that 
hat industry most needs is a group 
f people who can interpret the find- 
ngs of the pure scientist for the 
enefit of industry. 

This speaker would like to present 
his “nickel’s worth” in support of 
Prof. Bragg’s position. If some 
Jhysicist can be persuaded to deal 
with the mathematics of heat con- 
duction under the circumstances that 
interest a foundryman, and if our 
agineers can take these facts and 
_ranslate them into operative prin- 
ciples, then our foundries will be 
able to make, systematically and con- 
tinuously, and without so much “cut 
and try,” some very superior cast- 


ings. 


Bibliography 

The following bibliography com- 
prises the more interesting and fruit- 
ful sources from which this writer’s 
knowledge of the solidification of 
metals was obtained. Most of the 
statements and data in the body of 
the paper will find confirmation 
somewhere in these citations. The 
list is, however, by no means com- 
plete. Many useful publications which 
parallel information in this reading 
list have been omitted; also some 
original sources, reference to which 
will be found in this list. In a few 
cases illustrations are derived from 
lantern slides or data sheets in the 
files of the Research Department of 
the National Malleable and Stecl 
Castings Company, the origin, of 
which can no longer be traced. In 
those cases it has been impossible to 
credit the proper authors or publica- 
tons. 

The writer takes this opportunity 
of tendering his apologies to those 
from whom credit may have been 
withheld under these circumstances. 
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A STUDY OF MOLDING METHODS 
FOR SOUND CASTINGS 


By Frederick G. Sefing’ 
New York City 


LONG accepted definition of 

engineering is “The art of or- 
ganizing and directing men and of 
controlling the forces and materials 
of nature for the benefit of the hu- 
man race.” During war time the last 
phrase of this definition is distorted 
to read “for the destruction of the 
human race.” .[t is hoped that these 
international exchange papers may 
contribute toward peaceful, scientific 
relationships between nations and 
peoples by fostering a cordial ex- 
change of ideas. 

This paper has to do. with that 
part of the definition of engineering 
given above which deals with 
“forces and materials of nature.” 
Let us hope we may soon direct 
them exclusively for the benefit, and 
not the destruction, of the human 
race. 

The future of any foundry, in- 
deed of the foundry industry, hinges 
largely on its ability to produce 
sound castings regularly. Freedom 
from casting defects is really as im- 
portant to the user as the particular 
composition of metal desired. In- 
deed, sound castings not only satisfy 
*Research 
Company. 


International Nickel 


Met., 


Fig. i. Motor Housing, Magnesium Casting, 

Top View. Excessive venting by the use of 

open sand and vent risers is necessary for 

light metals. Note perforated steel sheet 

under pouring basin and slotted sprues set 
at an angle to prevent agitation. 


* Official A.F.A. Exchange Paper presented at the 42nd Annual Con- 
ference of the Institute of British Foundrymen, London, June 15 and 
16, 1945. Fundamental principles of metal solidification in the pro- 
duction of sound castings are discussed. 


the customer, but they also insure 
profit for the foundry and assure 
repeat business. 

Satisfactory castings are depend- 
able in service, cost the least to 
machine and to fabricate into ma- 
chines, and, therefore, can command 
the highest prices for the foundry. 

To produce sound castings, there- 
fore, the greatest attention should 
be given to the molding details. It 
is economical and shrewd business 
to spend time and money to study 
those molding methods which make 
good castings. 

The factors involved in molding 
satisfactory castings are the same for 
all metals. Let us see how simple 
these factors are and how easily and 
sensibly they can be applied. 


|. Clean Metal and Gate Design 

Clean metal poured into the mold 
cavity is of first importance. To 
this end the use of skim gates, slag 
traps, swirl gates, etc., are effective. 
In low melting point metals, such 
as aluminum, the use of coarse steel 
wool or a perforated steel sheet as 
a skimmer over the sprue are effec- 
tive. 

In aluminum and magnesium 
pouring, agitation causes the trap- 
ping of some of the surface scum 
This is prevented by using slotted 
sprues. See Fig. 1. The thin deep 
slots and the angle of the pouring 
gates permit the metal to enter the 
mold with minimum agivation. 

The cross section of gates should 
be rectangular rather than square 
or round where they are attached to 
the casting, except when they are 
part of the feeding system. The 
rectangular rather thin gate section 
promotes more rapid freezing, there- 
fore, produces soundness at the gate. 
The total area of the gates should 
be sufficient to have the maximum 


pouring speed without washing the 
sand. Filling the mold with ade- 
quately hot metal, which also means 
rapid pouring, promotes soundness 
by giving time for removal of slag 
and gas inclusions. 


Il. Position of Gates and Feeders 

Controlled progressive solidifica 
tion is not peculiar to steel foundry 
practice alone, where Briggs, Ge- 
zelius and others did the early work, 
but it is applicable wherever molten 
metal is freezing. The earliest ap- 
plication of this principle was in 
making sound steel ingots. By com- 
paring the ingots of Fig. 2, it is seen 
how sound ingots have been con- 
tiolled in the steel mill by the use 
of “hot tops” to provide molten 
metal for feeding. 

The principle involved in con- 
trolled progressive solidification 1s 
based upon the fact that the coldest 
metal and the thinnest section: 
freeze first and the direction of freez- 


‘ing shall move, without interruption, 


toward the heaviest sections and/or 
the hottest metal in the mold. Ther 


Fig. 2. Sound Steel Ingot production follows 

principle of controlled directional solidifica- 

tion. Right ingot was kept molten at top 
with “hot top." 
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COLDEST METAL 

















g. 3. Effect of top and bottom gating on 


emperature differential. Position of ingate 
ntrols the position of the cold and hot 
metal in the mold cavity. 


uld be no intermediate light sec- 
or cold metal in a casting 

hich would freeze early and inter- 
ipt progressive feeding. The ac- 
mpanying Figs. 3-12 show how 
his principle is used to secure sound 


stings. 


lll. Effective Feeder Design 
Helping risers or heads to feed 
‘stings involves several simple de- 

tails. Proper feeder design and hot 
metal in the feeder are really 
pplications of the principle of 
ontrolled progressive solidification. 
Under no circumstances should rod 
feeding or pumping ever be per- 
nitted. More castings are lost by 
rod feeding than are ever saved. 

1) We should have the design 
ich that the feeder is heavier than 
the section to be fed to be sure that 
the feeder and its connection will 
freeze after the casting. Feeders 
hould have 50 per cent greater 
ross section or, simply, the thickness 


Fig. 6A. Unsoundness in bronze castings 
caused by improper gating and risering. 
Metal bracketed by angle is a blind riser. 
Shrinkage occurred under risers. The gates 
enter a thin section opposite a heavier sec- 
tion indicated by arrows. Note the bosses 
are placed opposite the gates. Porosity 
occurred at the base of hub. 


(—_) HOBEST METAL 












Fig. 4. Padding for controlled directional 

solidification. Use of pad to provide pro- 

gressive freezing from the thin to the 
heaviest section. 


Fig. 7. Bronze casting gated through the 
feeder. The coldest metal is at end farthest 
from feeder. Freezing progresses to the 
hottest metal at the freezer end. The long 
runner was used to accommodate the flask 
equipment, but the length may be shortened. 
Horn enters riser at bottom. This method of 
pouring produces cleaner castings than 
when poured on end. Type of gating shown 
is practical and effective. Tilting the mold 
10°-15° is recommended. 





of the feeder should be 50 per cent 
greater than the thickness of the 
casting to be fed. Round feeders are 
more efficient than square cross sec- 
tions because of less area to dissipate 
heat. Feeders attached to the side, 
particularly in gray iron, promote 
greater soundness than top feeders. 

(2) The metal in the feeding 
head must be at least as hot or hot- 
ter than the metal in the castings. 
See Figs. 4, 7, 8b, 9, 10. To have 
feeders contain the hottest metal in 
the mold, the metal should be 
poured by gating through the feeder. 
When this cannot be done, hot top- 
ping the feeder with an auxiliary 
ladle of metal will accomplish the 
same purpose. 

(3) Feeders should be kept open 
to allow the atmospheric pressure to 
assist gravity in pushing the metal 
into the casting. See Fig. 16. This 
is atmospheric pressure feeding. It 
is accomplished by covering feeders 


Fig. 5. Destroyer throttle valve steel casting 

approaching the ultimate in poor design. 

Note the many light and heavy sections and 
the accompanying defects. 


with insulating compounds to pre- 
vent a skin of metal freezing over the 
top and thus permit the atmosphere 
to push the liquid metal down the 
feeder. 

Blind feeders and shrink bobs are 
of questionable value unless kept 
open to the atmosphere with rod 
cores which should extend from the 
sand of the mold through to the 
center of the blind feeder. This de- 
vice was patented by John Wil- 
liams* in 1940 and is illustrated in 
Fig. 11. The success of the Williams 
feeder depends upon freezing a skin 
of metal around the casting, which 
puts it under a vacuum. The at- 
mospheric air pressure in the feeder 
permeating through the rod core 
readily pushes the metal into the 
casting under vacuum. 


Because of the varying pressure 
tightness of thin skins of different 
metals just below the freezing 
temperature, the Williams feeder 
provides varying degrees of effective- 
ness. For example, gray iron is more 
permeable when hot than steel; 
therefore, the vacuum created ia 
gray iron castings is less than in 
steel and the effectiveness of the 
Williams feeder is decreased. 

(4) Feeders should be high 
enough to afford plenty of hydro- 
static pressure. See Figs. 12, 13, 14. 


*U. S. Pat. No. 2, 2,205,327. 


Fig. 6B. Same castings as Fig. 6A properly 

gated. Note that the castings were turned 

so as to gate through the heavy boss, 

eliminating the need of risers, with excellent 

results. The photograph shows the castings 

upside down with the sprue at the right 
cut off. 
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Fig. 8—(Above)—Steel casting section showing shrinkage cavity. 
(Right)—Same casting as above with feeder. 
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Soundness is insured 


by use of adequate feeder. 


High feeders provide greater hydro- 
pressure in the mold which 
soundness by 
pushing gas, slag, etc., up through 
the liquid metal and out of the cast- 
This same liquid pressure of 


static 


assists in securing 


ing. 
the molten metal seems to assist in 
feeding the casting. Sufficient liquid 
pressure should prevail to be greater 
than the gas pressure developed at 
the metal-mold interface. 


IV. Feeder Capacity 


When the metal in a mold cavity 





























Fig. 9. Step gating and pouring through 
feeders. These gates permit the first metal 
to remain at the bottom, the next at the 
center and final in the top of casting. 
Feeders receive the last metal poured, 


freezes according to the principle of 
controlled progressive solidification, 
the coldest and thinnest metal far- 
thest from the gates freezes pro- 
gressively toward the hottest metal 
and heaviest section. This 
that the freezing portion of the cast- 
ing is being fed progressively by the 
slightly hotter metal ahead. The 
metal in the feeder then must sup- 
ply the metal necessary to fill the 
shrinkage requirements of the entire 
casting. So often we use feeders 
adequate for a heavy section of the 
casting, disregarding the overall 
shrinkage which may draw from the 
heavy section before it freezes and 
which must also be fed by metal 
withdrawn from the feeders. 

With a great deal of coring, or 
with “hard” cores, the expansion of 
cores, and to some extent the molds, 
will compensate for some of the 
shrinkage tendencies and indeed, in 
some cases, may extrude liquid metal 
through the risers or feeders. 

From data in the A.F.A. 
Metals Handbook on 
changes of irons and steels, the the- 


means, 


Cast 
volume 


oretical feeder capacities for ferrous 
metals calculated 
given in Table 1. From the 
mated weight of the casting, and 
employing the above feeder design 
features, the total weight or volume 
of the feeders can be calculated. 
The actual size of the feeder, ad- 
justed for the expansion of cores, 
etc., will often be smaller than the 
feeder from 


has been and is 


esti- 


theoretical size of 


Table 1. 


V. Feeder Connections 
Feeder connections to the casting 
should have a reduced cross section 
and be as short as possible. Fig. 16 
shows a thin wall of core sand be- 





tween the feeder, or riser, and cast 
ing, which sand becomes incandes 
cent and which permits the feede1 


connection to remain fluid. This 
plate core may vary from %-in. to 
1'4-in., depending on section thick- 
nesses. This method of feeder, o1 
riser, attachment promotes greater 
soundness under the feeder and per- 
mits of easy removal. Generally, a 
sledge hammer blow will remove the 
riser or feeder head, since the con 
nection is essentially a deep notch 
Fig. 15 illustrates an extreme exam 
ple of a knock-off feeder. Feeder 
connection dimensions of one-third 
to one-half of the casting section di- 
mensions have been found satisfac- 
tory by the author. For example, a 
114-in. to 2-in. diameter connection 
is the maximum that need be used 
for a 6-in. thick head to feed a 4-in 
section. 

In Fig. 16, the relationship of 
feeders to the casting dimensions 
is given. Note that the side feede: 
extends below the connection by th« 
same dimension as the feeder thick- 
ness. The purpose of depth of sic 
feeders below the connection is to 
have adequate volume of metal to 
prevent freezing in front of th 
feeder connections. 


Of course, t! 
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Fig. 11. Atmospheric pressure feeding, ill.s 
trating the — of the Williams atm 
pheric pressure feeder. 





ee 








Retin ds 











CT ee 





were 


G. SEFING 


DIRECT RISER 


INDIRECT RISER POURING 











POURING | | | 





























(ee 
Eile ane Frama 
| dO Ga) G 
| || | RISER 
| | 4 ry 
; \ y, 
— SPRUE 
J 
| 
| | 
| 
| | 
++— RISER 
- }- 
= | | 





Fig. 12. Complete reversal of the casting for feeding. Poured in 
position at left. The mold is reversed after freezing the sprue so 


that the hot riser can feed the casting by gravity. 


Fig. 10. Examples of gating to provide the hottest metal in the 


best position for feeding. 


height of the feeder must be enough 
to prevent its shrinkage from ex- 
tending below the feeder connection. 


VI. Chills 

Chills or denseners are used where 
feeders cannot be _ conveniently 
placed or to control the freezing 
rate. See Fig. 17. Their purpose is 
to do the same job as feeders by 
freezing the metal about as rapidly 
as it is poured and, therefore, heads 
for feeding are unnecessary. Indeed, 
when chills 
must be exercised that 


are used, great care 
feeders are 
so placed they are not close to chills 
and do not counteract the chill 
effect. Chills do cause the shrinks 
to “move somewhere else,” unless 
they are placed with due regard to 

ntrolled progressive solidification. 

There are certain points regard- 
ing chills that must be kept in mind: 

















\) 





Fig. 13. Partial reversal of casting. Pouring 
position is shown. Mold is tilted after pour- 
"g to provide hydrostatic pressure from 


feeder. 


A. Chills musi be clean. Slightly 
oxidized or rusty chills cause blows 
tu develop in the casting next to the 
chill. Before each use, therefore, 
they should be sand blasted and 
preferably wiped with waste damp- 
ened with kerosene to prevent slight 
rusting in the mold. 

B. They must not burn into the 
casting. Pouring over a chill or ex- 
cessive agitation of the metal against 
the chill tends to cause burning in. 
The aim should be to have the mold 
poured before the chills have had 
up. Chills are pro- 
tected from burning in by using chill 
coatings. The writer has found that 
silica flour mixed with linseed oil to 
a thin paint consistency is an effec- 


time to warm 


tive chill coating. This requires heat- 





Fig. 14. Bronze casting shows the use of 
hydrostatic pressure for feeding. This suction 
cover made of Government Bronze was sub- 
ject to leakage and chills, risers failing to 
overcome the difficulty. Risering and gating 
shown proved successful. Riser is 3 in. in 
diameter and 10 in. above casting. No riser 
over casting. Note strainer core and large 
fillet where metal enters riser. The coldest 
metal is farthest from feeder and freezing 
progresses toward the riser, thus assuring 
soundness. Note high feeder for liquid 
pressure. 


ing to dry the surface. Other com- 
mercial refractory chill coatings also 
are available for this purpose. 

C. Chills must be large enough 
to penetrate their densifying effect 
across the section to be chilled, but 
not so large and sprawling that they 
prematurely freeze the metal in the 
lighter or adjacent sections. Precau- 
tions must be taken to prevent chill- 
ing the metal beyond the section to 
be densened or else the metal can 
not feed into the portion of the cast- 
ing to be densened. 

D. Chills are most effective when 
the metal moves up to them and is 
further. Where 
should be furthest re- 


not agitated pos- 


sible, they 
moved from the gates so that when 
the metal pours against the chill, 
freezing commences. 

E. Rapid permits the 
chill to do its most work 
because the mold is filled with mini- 
mum warming up of the chill. The 
the chill is reduced 


pouring 
effective 


effectiveness of 





Fig. 15. Extreme application of knock-off 

feeders. Feeder is 12 in. in diameter “hot 

topped" for a I6-in. by 14in. by 22-in. 

section. Feeder connection is 2 in. in 

diameter. Density under the riser and easy 

removal are achieved. (Courtesy, Buffalo 
Fdy. & Mach. Co. 



















































to help fill the mold. All dead end 
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i Sixt : 
Y.| 4 spots of a mold cavity should be y, 
/ -— Serve vented so that the metal runs with- 
y 4 . . - 
, NO" a H out restraint to every portion of the * 
: jf ; mold. We should also remember : 
14," core plate | y| . . . 
NX] ys that if gas pressure is developed in 
lanes: 0 O14 4 : a * 
=_ wa: a mold, there is increased tendency 
a { to force gases into the metal and 
ay cause defects. See Figs. 19, 23. 
y Vents are best designed to be 
30" AK rectangular at the casting to prevent 
- . . 
AN openness and pinholes at the junc- 
4 +——1" core rod ° ° . 
Att tion with the casting. 
iit In addition to releasing gases of Fig. 17. Pump casing showing metal joints 
21" ity } peat? 2 ates 3 that would most likely require chilling for 
| H ety the mo cavity, vents are useful in pressure tightness. 
. draining off the cold, and often 








44" core plate + —+3¥;" 


Fig. 16. Mold showing relative dimensions 
of risers and riser connections and atmos- 
pheric risers. Casting involved step gates, 
Williams risers, gating through the riser 
and knock-off risers. Reader should trace 
the freezing from the thinnest sections and 
coldest metal to heaviest section and hottest 
metal in the risers. 


sium, special venting is necessary to 


dirty, metal frequently coming to 
dead end spots of the mold. By 
building a pocket in the sand at the 
top of the vent, a small amount of 
metal can be drained off. This is 
illustrated in Fig. 25 


. 
VIII. Porosity Caused by Hot Spots 
Pressure castings often show dull, 
gray to black porous areas in the 
vicinity of gates, metal knobs or 


many short thin ones. Such a gat- 


sand or mold. The runner should 
have greater capacity than the tota 
of the gates to the mold cavity, s 
that the runner remains full to a 
cumulate the slag, etc., at the to; 
with the gates taking clean metal 
from the bottom. See Fig. 21. 

2. Venting cores and molds freely 
in the vicinity of the “hot spots.” 


™ 








if it has had time to warm up con- aan Careful analysis of the mold around ; Fic 
. aN Mica heavy bosses. This dull fracture re- ; j 
siderably before pouring is complete ; the porous area often reveals in- 
: rk - sults from the excessive heat de- ; 
or before the metal in contact with adequate venting of the cores or of 
Li: . veloped by heavy gates, bosses, etc., ; 
the chill is quiet. ae | ae a a the external mold sand to releas 
> On . ‘ausing ré yas generation by the 
F. Chills should be on the side FF tg late eee Boe the high gas pressure developed at 
ry core or mold sand. This defect is = - J 
or bottom of the mold cavity for ag Tg ‘ the metal-sand interface. Un 
ae : distinguished from shrinkage by its Fi a 
most effective chilling. ane ve 
duil, dark fracture, in contrast to 4 wr 
Vil. Venting Mold Cavities the bright metallic fracture of pure THROAT Hi 
The importance of venting mold shrinkage defects. Four approaches at hem fre 
cavities is realized by observing the to this gas porosity difficulty can sin pre 
torch effect often blowing out of a prevent these “leakers”’: i | f ; eve 
riser or vent during pouring. In- 1. If possible, use knife or fin 5 | ‘4 ws 
deed, whistlers is a term applied to gates. See Fig. 21. Adequate gate 44 nw 
such vents. When pouring light capacity can be obtained by using A | ; : 
° . . . | | 4 
metals like aluminum and magne- a runner with a long thin gate or SHROUDS 1 
VARVYVO bit ; 
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prevent mold back pressure and thus 


ing system prevents hot spots in the 
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Fig. 19. Section of large impeller show: 
Fig. 18. Metal poured with the axis horiz>n 
tal through feeder attached to the f.b 
poured rapidly and freely vented 
rectangular vents at the top of both shro: 4s 
(Courtesy, Le Courtenay Co.) 





Fig. 18. Pump impellers of large diameter and narrow volutes require special foundry 
technique. (Courtesy, Le Courtenay Co.) 
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Jacketted Diesel Engine Liner 
Machined. 


s. We should bear in mind that 
he mold and core gas pressures can 
become very high when molten 

etal touches the sand surfaces. 
High sand permeability and venting 
freely can assist in preventing these 
pressures from building up. How- 
factor 


gainst these gas pressures, it is 


recommended that the liquid pres- 














Fig. 21. Drag and cope of green sand mold for Liner shown in Fig. 20. Pouring sprue at 
back. Note dirt trap (dam) near sprue; knife gates in drag and a slag trap (riser) at this 
end of runner. 


sure of the molten metal should be 
so high that it exceeds the maximum 
gas pressure at the sand face. High 
liquid pressure is achieved simply by 
high risers, mold vents and pouring 
basins. Figs. 14 and 23 show the 
height of the molten metal used for 
these pressure castings. Note the 
risers along the side of the casting 
in Fig. 23, which were placed there 
to provide high liquid 
pressure along the cylinder for some 


primarily 


little time after pouring. The ex- 
cessive cores used for this casting 
expanded after pouring, which more 
than compensated for the shrinkage 
of the metal. Feeding from risers, 





Fig. 22. Oil sand cores for Liner shown in Fig. 20. 


therefore, Was unnecessary 

4. The writer has also found 
rapid pouring of pressure castings 
at the proper temperature (usually 
quite hot) is essential. This permits 
easy removal of gases, dirt, etc., 
through the molten metal. Cold 
metal or slow pouring develops many 
areas of cold sluggish metal which 
do not freely permit the removal of 
gases, dirt, etc. 


Summary 

A thorough understanding and 
application of only a few principles 
are necessary to make sound cast- 
ings, no matter what metal is 
poured. 

(1) Pouring gates shouid be de- 
signed so that clean metal enters 
the mold quietly and fills the mold 
rapidly. 


are generally preferred over square 


Rectangular cross sections 


or round gates. 
(2) Controlled progressive solidi- 


fication assists the freezing of the 





Fig. 23. Liner shown in Fig. 20. As cast, 
showing “flow off” vents, side and flange 
feeders provide liquid pressure. 
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Table 1 
THEORETICAL FEEDER CAPACciTy' 
Soft Medium Carbon High Test 
Gray Iron Gray Iron Gray Iron 
3.50-400 300-325 2.50-2.75 White Iron White Iron 
per cent TC per cent TC per cent TC Ni-Resist Chill Cast (Malleable ) Steel 

POURING 2450° F 2650° F. 2650° F. 2650° F. 2500° F. 2750° F. 2950° F. 

TEMPERATURE (1350° C.) 1450° C.) (1450° C.) (1450° C.) (1370°C.) (1510°C.) (1620° C.) 
WEIGHT OF FEEDER (lbs.) 

(per 100 lbs. of casting) 

ROUND * 1.75 11.0 13.0 15.0 15.2 19.75 19.75 

SQUARE’ 2.80 17.6 20.8 24.0 24.4 31.60 31.60 
VOLUME OF FEEDER (cu. in.)* 

(per 100 lbs. of casting 

ROUND * 7.00 44.0 52.0 60.0 60.8 79.00 79.00 

SQUARE * 11.20 70.4 83.0 92.0 96.7 126.50 126.50 
Liquid contraction ° (per cent) 2.2 2.4 2.2 2.1 0.25 1.75 2.72 

down to freezing 2100° F. 2250° F. 2280° F 2300° F. 2460° F. 2460° F. 2650° F. 

temperature (1150° C 1230° C.) 1250° C. (1260° C.) (1350°C.) (1350°C.) (1450° C. 
Shrinkage during freezing 

(per cent) FR bigs 1.6 1.8 2.8 3.5 5.50 5.50 4.50 

(expansion ) (Ave.) 

Total shrinkage pouring tempera- 

ture to solid at freezing tem- 

perature (per cent) 0.6 4.2 5.0 5.6 5.75 7.25 7.22 
Weight of metal to be fed into 100 

lbs. of casting (Ibs.) , 0.7 4.4 5.2 6.0 6.10 7.90 7.90 


' Refer to section IV on Feeder Capacity 

240 per cent feeding efficiency maximum for round feeders. 
325 per cent feeding efficiency with square feeders and cold metal. 
* All ferrous metals weigh .25 Ib. per cu. in. 
5 Liquid contraction per 100° C., for irons 1.1 per cent, for steels 1.6 per cent. 


casting to begin at the coldest metal 

and/or the thinnest section and to 

move progressively toward the hot- 

test metal and/or the heaviest sec- 
tions. 

(3) Design and pour feeders so 
they will assuredly feed castings by 
conforming to the principles of con- 
trolled progressive solidification. Al- 
low plenty of pressure to act on the 
molten metal in a feeder. Be sure 
the capacity of feeders is sufficient 
for the castings. 

(4) Knock-off feeders are con- 
venient to remove and do feed ade- 
quately with soundness under the 
feeding head or riser. 

(5) Chills or denseners are used 
where feeders are impracticable or 
where we wish to assist the freezing 
rate. 

(6) Adequate venting the mold 
cavity permits filling the mold easily 

by preventing back pressure. Gas 
| absorption by the metal in the mold 
is also reduced by good venting. 
Mold cavity vents or whistlers are 
convenient to drain off cold metal, 
dirt, etc. 

(7) Porosity with a dull gray to 
black fracture is a result of core or 
mold gas. This can be prevented 

by careful cores and 





venting of 


molds, avoiding hot spots, and by 
using high liquid pressure. 


Conclusion 

In a jobbing shop, where a wide 
variety of castings are made, com- 
plete records of the successful mold- 
ing practice of each casting should 
be kept. The best record is a photo- 
graph of the casting as poured 
indicating all gates, feeders and 
chills, and marking all dimensions. 
At any future date, the casting can 
be made without trouble by re- 
ferring to the record. 

The foundry .industry’s greatest 
challenge has been, and still is, the 
production of consistently sound 
castings. In meeting this challenge, 
foundrymen should be ever vigilant 
of their foundry processes and al- 
ways holding them under the light 
of scientific reasoning. 
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CAST IRON FOUNDRY PRACTICE 


United States Wartime Developments 


By James S. Vanick, Metallurgist, 
International Nickel Co., 


New York 


HE author has chosen to write 

this review in a conversational 

tone as though exchanging ex- 
periences with French friends in the 
industry. With the advent of the 
war, communications stopped, and 
at about that time this review be- 
gins. An industry unprepared for 
war hastened to convert its men, 
materials and machines into the 
products for war. 

Some gray iron foundries con- 
verted completely to the production 
of aluminum and lightweight alloy 
castings. The aircraft production 
program called for multiplying the 
output of lightweight alloys by ap- 
proximately 10, and a correspond- 
ing increase in lightweight alloy 
casting production followed 


Production Shift 

The foundry industry was also 
warned that steel would be needed 
in unprecedented quantities. Steel 
casting production trebled in quan- 
tity. Gray iron production, which 
had steadily increased up to the 
opening of the war, increased mod- 
erately but shifted in character. 
With these changes in the industry 
there was a corresponding migra- 
tion of skills from one class of work 
to the next. 

In the gray iron industry, pro- 
duction shifted to the manufacture 
of engine castings, naval and army 
equipment and munitions. In the 
course of this change, commercial 
castings such as automotive, stove 
and furnace, enamelware, pipe and 
water works castings became casual- 


Fig. |\—Carousel system—(A) mold placed 
on table, (B) facing applied, (C) mold 
rammed, (D) sand struck off, (E) pattern 
drawn and mold transferred. Sand for the 
operation comes from overhead bin. Sur- 
plus sand falls through floor grating. 


* Official A.F.A. Exchange Paper presented before the French Foundry 
Technical Association at the first postwar French Foundry Congress 


in Paris, Oct. 19-20, 1945. 


The United States foundry industry 


adjusted to the almost exclusive production of war castings and 
developed practices to meet the greatly increased demands. 


ties almost as completely as if the 
country had been invaded and its 
production stopped. 

The facilities for production were 
converted to the manufacture of 
bombs, shells, grenades, etc., while 
pipe shops, which were expert at 
centrifugal casting, applied their 
skill to the manufacture of guns, 
hollow shafts, aircraft cylinders and 
similar necessary equipment. Some 
of the most interesting accounts of 
technical achievements in_ these 
fields will emerge in’ time in the 
technical press. 

As in any similar emergency, a 
shortage of men, materials and ma- 
chines accompanied the conversion 
and production problem. The War 
Production Board was organized 
and staffed with able men taken 
from industry. These men were 
equipped from their own experience 
with statistics upon the capacity of 
industry and they set out to allocate 
materials and machines in amounts 


proportional to available manpower. 






















In an effort to “hold the line” on 
the cost of commodities, the Office 
of Price Administration was cre 
ated, and foundrymen were faced 
with an acute need to place their 
cost accounting methods under the 
cold appraisal of Government offi- 
cials who were not interested in 
profits. From this experience, much 
good will follow. Many foundry 
men learned about the treachery of 
hidden costs concealed in_ their 
earlier and less exacting methods of 
doing business. Each producer filed 
a standard method for computing 
costs, which he was compelled to 
maintain. 

This element of conversion brought 
with it considerable difficulty, par 
ticularly as shops moved from an 
operating schedule of 40 to 48 hours 
per week to 70 hours per week and 
operated two shifts or the necessary 
multiples to keep in production day 
and night. These changes brought 
with them overtime pay and wage 
incentives which added to the prob- 
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lem of cost accounting and made 


survival more impressive. Some 
foundries completely converted their 
practices and production in the 
course of this interval, while others 


gave up in the same time through 


J 


inability to obtain men or materials 
or to operate at a profit. 


Government authorities took 
charge of raw 
through the allocation system, con- 


trolled the production of castings. 


materials and, 








Fig. 2—Eight copes and eight drags molded 
during each revolution of turntable. 






Certain 
sand and fuel were 


foundry products such as 
in a compara 
tively abundant supply, while pig 
iron, scrap and metal supplies had 
to be diverted when necessary from 
one destination to another. This 
compelled foundrymen to practic: 
substitution and conservation in 
such a way that operations wer 
not always sound 
Some of the technical features of 
this practice will be dealt with later 

With some Government authori 
ties allocating materials via the 
War Production Board. and other 
Government authorities fixing prices 
through the Office of Py ce Admin 
istration, 


economically 


while taxes manpowe! 


and other managem nt 


rose, the foundryme. had to exer 


problems 


cise much versati ty to survive 


The Government organizations did 


Fig. 3—Typical conveyor line molding. Sand 
from overhead hoppers is delivered to mold 


ing machines whose tables approximate 
elevation of conveyor trays. 
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g. 4—Currying its supply of molding sand, 
he large machine moves along center of 
shop ramming molds on either side. 


excellent job, the history of 
vbich may remain one of the silent 
ut important contributions to the 

vinning of the war. 

Ably assisting foundrymen 
through the difficult readjustment 
from civilian production to military 

roduction were such organizations 
as the Gray Iron Founders’ Society, 
which worked upon allocations of 

anpower and materials, cost sys- 
tematization, safety and wartime 
security regulations and many other 
nanagement problems. The Ameri- 
an Society for Testing Materials 
worked up new specifications and 
necessary wartime adjustments to 
others. The American Foundry- 
men’s Association acted upon tech- 
nical matters, many of which are 
mentioned in the text of this paper 
and in other articles. 

In cooperation with the War 
Metallurgy Committee of the Na- 
tional Academy of Sciences, an 
American Foundrymen’s Associa- 
tion committee succeeded in assem- 
bling data? that led to an American 
Society for Testing Materials speci- 
fication for cast iron for use at 
elevated temperatures. Such co- 
operation was not unusual. 

Regional groups, combining prac- 
tically all of the local units of the 
different engineering societies, pooled 
their information and made it avail- 
ible to manufacturers of war mate- 
rial. These groups assembled on 
short notice for emergency discus- 
sions on topics related to war pro- 
duction. In the region of the City 
of New York, this group was known 
as the Engineering Societies Com- 
mittee on War Production. 

Sand, Refractory, Mold and Core 
Materials. Among mold materials in 
the gray iron foundry, some prog- 


ress seems to have occurred through 
the increased use of synthetic mix- 
tures made up from a sand of pre- 
determined grain size and shape 
with the bond supplied by bentonite 
or equivalent types of binders. Nat- 
ural bonded sands continued in 
favor where supplies and economics 
and supervisory control were favor- 
able to their use. Cement bonded 
molding sands continued, at least, 
to hold their place. 

Outstanding developments fol- 
lowed divergent courses. Some su- 
pervisors attempted to develop spe- 
cific sand mixtures to fit exacting 
requirements, especially where large 
quantities of similar castings were 
in production. 

In the jobbing shop, where miscel- 
laneous castings and cores had to 
be made, the interest was directed 
toward synthetic mixtures bonded 
with bentonite and cereal binders 
to make the sand suitable for all 
types of molding machines. Cores 
could be made from the same sand 
mixture, thus adding to the simplifi- 
cation. This provided the simplicity 
that was needed to relieve super- 
vision without serious injury to the 
quality of the resulting castings 

The addition of silica flour to 


ye 


molding sands and cores contributed 


toward producing strengthened mix 
tures. In some cases, iron filings 
offered some improvement to core 
sands 
Molding 


the mechanization of sand condition- 


Some improvement in 


ing and sand conveying occurred 
all designed to bring this material 
more rapidly to the molding ma 
chines wherever large volume pro 
duction was involved. In some cases 
new installations were made em 
bodying the general principle of 
bringing in new sand through over- 
head hoppers and retrieving waste 
or used sand through underground 
channels 

A favorite type of mechanized 
molding might be described as the 
small and large carousel system. In 
this construction the small carousel, 
mounting two or more molding ma 
chines, revolved with its crew and 
equipment and discharged its flasks 
to the large carousel, which con 
veyed them to the pouring stations 
and shake-out. Descriptions of this 
mechanization have appeare d in the 
trade papers, and Figs. | and 2 
illustrate some of them. 

Molding machines for molds and 
cores contributed their specifi 


Fig. 5—(left) Squeezer-type machines mold large numbers of nickel 
chromium-copper alloyed iron castings. 


Fig. 6—(below) Type of castings made in molds shown in Fig. 5 
Ball rings for ball and socket joints in aircraft exhaust manifold. 
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Fig. 7—(above) Machine molding of prac- 
tice bombs for mass production. Fig. 8 
(right) Stacked molds (also inclined). 


improvements toward production. 


There are several varieties, each 


emphasizing its special merits, but 
the general trend was toward push- 


button control of the actuating 
mechanisms which brought sand 
(the raw material) to the molds, 


packed it in place, moved the fin- 
ished mold along toward the pour- 
ing station with a minimum of 
lifting and handling { Fig. 3). Only 
one of the largest and one of the 
smallest types of machines are men- 
tioned in the following text. 


Molding Machine Types 

Molds for irregular 
shaped made up 
chiefly with the help of sand sling- 
ers (Fig. 4). This type of molding 
machine varies in detail, but its chief 
asset is its maneuverability, which 
enables it to quickly supply large 
irregularly 


large or 


castings were 


volumes of sand _ to 
shaped molds. 


At the 
molding 


scale, 


end of the 
machines of the 


other 
small 
squeezer type were worked to their 
accustomed capacity of 250 molds 
per man per 8 hours, while in ex- 
ceptional cases even larger numbers 
were Figures 5 and 6 
illustrate the production of | this 
type in a small foundry engaged in 
the production of a large number 


delivered. 


of small castings. 

Drying ovens with circulating 
and controlled atmospheres 
have become typical of everyday 
foundry equipment. Portable gas- 
or oil-fired hoods for drying large 
molds assisted in expediting produc- 


heat 


tion. Infra-red lamps have been 
used successfully for drying molds 
as they progressed along conveyors 
to the pouring station. 

The unprecedented demand for 
castings upon certain industries, 
such as the machine tool builders, 
required that their foundries multi- 
ply production tenfold in some cases. 
For example, a shop producing 150 
tons per month was required to pro- 
duce 1,500 tons per month. Where 
men, machines and materials were 
available to do this task, limitations 
often occurred in floor space. The 
problem was solved by stacking the 
molds one on top of the other as 
high as it was possible to go and 
still provide clearance under the 
cranes for the pouring ladles. 

In shops producing small castings 
such as bombs and grenades, it was 
common to employ this same prin- 
ciple, which in this case resembled 
methods used in casting piston rings, 
radiator sections, etc. Molds were 
stacked one upon the other with the 
elevation limited only by the clear- 
ance under the roof or crane in cases 
large pouring ladles were 
used, or alternately, to the level to 
which men could lift the ladles 
where hand pouring methods were 
practiced. Illustrations of machine 
molds of this type and their assem- 
bly on the foundry floor appear in 
Figs. 7, 8 and 9. 

Less spectacular but equally versa- 
tile methods were employed in job- 
bing shops where custom-made cast- 
ings in small numbers were pro- 
duced. Large castings would be 
rammed with sand slingers or mas- 


where 


Fig. 9—Pouring nickel bronze in molds 


stacked two high. 
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sive jolt machines capable of han- 
dling large flasks. Much time 
saved in floor molding by installing 
permanently level floors or leveling 
devices in the bottoms of pit or 1901 
molds. 

Centrifugal Castings. During the 
war, the iron foundry taught its 
associated metal forming industries 
a number of improvements and it 
learned a number in return. Cen- 
trifugal casting achieved new high 
stages of accomplishment. Shops 
which had been accustomed to mak- 
ing centrifugally pipe, suc- 
ceeded in producing alloy 
cylinders for aircraft, hollow steel 
shafts for marine service, and smal! 
diameter, 75 mm. (2.9 in.), pipe 
10 mm. (0.393 in.) thick and 7.5 
meters (24.6 ft.) long, made of alloy 
steel of the 18 per cent chromium- 
8 per cent nickel or 25 per cent 
chromium-20 per cent nickel alloy 
steel and with flanges welded on 


was 


cast 
stee] 
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Some of these activities were re- 
ated to the centrifugal casting of 
sun tubes of steel whose production 
had been established long before 
the war. Vertical spinning machines 
as well as horizontal spinning ma- 
chines were developed for various 
purposes. The nickel - chromium- 
molybdenum cast iron lining in a 
steel shell type of casting became an 
important component in the form of 
an aircraft brake drum. Figure 10 
illustrates a cross-sectional view of 
this product. 

Vertical axis machines were used 
for casting gear blanks and fly- 
wheels, while clusters of castings in 
the familiar “Christmas-tree” forma- 
tion (Fig. 14) were produced by 
the centrifuge casting principle. 
The scarcity of forging hammers led 
to the development of centrifuge die 
cast parts? which possessed close 
dimensional tolerances in addition 
to high quality. Some of these cast- 
ings are made in a carousel type of 
spinning machine in which molds 
are spaced at regular intervals 
around a circle, poured from and 
spun around a central axis rather 
than the usual practice of spinning 
castings about their own axis. 

The trend toward dimensional 
wccuracy was also accentuated by 
progress in the application of the 
“lost wax” process to the production 
of precision castings. The ability to 
produce castings which approximate 
finished dimensions without machin- 
ing is bound to attract the manu- 
facturer whose products may cost 
90 to 100 times more to machine 
than they do to cast. An accuracy 
of about 0.001 in. per in. is prom- 
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Fig. !1—Sketch showing gating practice for nickel-chromium-copper alloyed casting. 
Step gates, Williams riser (atmospheric pressure supplied by I-in. core rod), gating 
through the riser and knock-off risers. Note relative dimensions and design of risers, 
riser connections and gating system. Freezing may be traced from thinnest sections and 

coldest metal to heaviest section and hottest metal in the risers. 


ised, and a higher order of accuracy 
may develop with experience in 
computing algebraically the thermal 
expansion and pattern-shrinkage of 
pattern, wax, mold and casting. 
Research upon refractories, fac- 
ings and binders used in the pre- 
cision casting process is in progress, 
and improvements are destined to 
be rapid. Gating, risering and cor- 
ing such castings challenges the skill 
of the foundryman, and mechanical 
aids to the rapid flow of metal such 
as centrifugal, vacuum or pressure 
casting are being developed which 
will rapidly extend the application 
of these types of foundry products. 


Fig. 10—Cross section of typical centrifuse 

brake drum showing steel-backed high-car- 

bon nickel-chromium-molybdenum alloy cast 

iron braking surface. Composition range, 

per cent, total carbon, 3.70-3.90, silicon, 

1,45-1.65, niekel, 1.35-1.55, chromium, 0.30- 
0.40, molybdenum, 0.30-0.40, 


Directional Solidification. Direc- 
tional solidification, embodying old 
principles but requiring periodic re- 
examination to stimulate the interest 
of foundrymen, was applied, r 
studied and re-emphasized. The 
Naval Research Laboratory illus- 
trated and emphasized the funda- 
mental point that castings must be 
proportioned and gates positioned in 
a manner that compelled the metal 
farthest from the risers to solidify 
first. After that, solidification must 
progress toward the riser where the 
hottest metal is located. 

Gating, risering, padding, chilling, 
flowing off, tilting molds, pouring 
speeds, pouring temperatures, mold 
and core shrinkages, etc., represent 
some of the factors studied in the 
approach toward the objective of 
producing cast shapes that were as 
sound and solid as wrought shapes. 
Figure 11 illustrates the application 


ee OOOO 














Fig. 12—Typical mechanical charging. 


Electromagnet handles metal portion of stock 


from bins to weighing hopper. Scale registers within sight of crane cab. Coke and lime- 
stone are added to bucket which follows track to cupola charging hoist. 


of some of these principles to the 


production of commercial castings. 
Foundrymen were stimulated by 
these activities, which were also pro- 
moted by the Steel Founders’ 
Soc iety. 

Dependability in castings was em- 
phasized as worth the extra time and 
skill required. The soundness of 
castings for war purposes was not 
left to chance, but was certified by 
testing via 
gamma ray, etc. The resulting ex- 
perience has developed a large and 
expert following. 

Metal Melting and Distribution. 
Cupola practice responded to the 
demand for larger tonnage and high 
quality by accommodating a num- 
Conservation 


non-destructive X-ray, 


ber of readjustments. 
of material and manpower pro- 
duced changes, some of which will 
remain permanently. 

[The foundrymen soon 
that the extra capacity obtainable 
from their cupolas taxed the labor 
available to the point where pro- 
not be maintained 


learned 


duction could 
without help from mechanical de- 


vices. This led to the application 


Fig. 13—High strength alloy twin crank- 
shafts for 20-cylinder diesel engine. 


of mechanical charging systems for 
cupolas. In most cases the charging 
bucket is filled in the stockyard by 
a travelling crane employing’ an 
electromagnet to handle the metal 
ingredients. 

These are weighed by means of a 
sight of the 


located within 


craneman’s cab. Coke and limestone 


scale 


are cascaded onto the charge in the 
bucket containing 
weighing or 
This operation is usually performed 


from hoppers 


measuring devices. 


as a second step after the metal 


A third 


charge had been prepared. 
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operation employs an electric hoist 
which picks up the bucket and 
moves it into the cupola where it 
contents are dropped. 

This procedure had reduced th: 
charging crews in foundry yards 
from numbers varying from 15 to 3! 
men, down to 3 or 4. In the course 
of this change, all of the heavy work 
of loading, weighing and conveyins 
stock, and the hot work of hand 
charging which accompanied it, had 
been eliminated. This innovation 
operates in several modifications. 

Figure 12 
installation. 
foundries melting more than 50 tons 
per day, but has become sufficient), 


illustrates a typica 
It was introduced i: 


attractive for foundries melting as 


- 


i, i ja, ey | 1} »: 
or , o% ' 


















id 
ts 





eS a cae 





a AE EES a 





S. VANICK 


ttle as 10 tons per day. It solved 
he problem of providing a suffi- 
iently rapid charging rate to accom- 

odate the greater melting rate 
ccompanying the demand for in- 
reased production. 

Metal removal at the spout pre- 
ented a less difficult problem. Addi- 
tional cranes, tramrails, motorized 
idle buggies and ladles provided 
the handling capacity necessary to 
remove the additional tonnage 
melted. The maintenance of mixing 
ind transfer ladles and _ similar 
quipment was facilitated by im- 
provements in refractories, which 
included the application of prepared 
shapes such as ladle bottoms which 
could be laid into place in a single 
piece. 

Similarly, slag-skimming spouts 
for ladles and cupola spouts were 
fitted in many cases with prepared 
refractory shapes, which saved much 
time in maintaining or repairing 
this equipment. 

Emphasis on the conservation of 
alloys and raw materials, including 
machine shop turnings and sheet 
metal clippings, led to reclamation 
practices, many of which will con- 
tinue in the postwar period. The 
reclamation of alloys by segregating 
and classifying machine shop turn- 
ings became an important step in 
illoy conservation. It was claimed 
that only 10 per cent of the aircraft 
steel originally melted found its way 
into the working parts of a plane. 


Cupola Charging Materials 


Alternating famines in pig iron or 
scrap or alloys developed experi- 
ence with a wide range of charging 
materials, which demonstrated the 
adaptability to cupola melting of 
charging stock heretofore considered 
unsuitable. For example, the melt- 
ing of briquetted cast iron borings 
and steel turnings from the machine 
shops taught the foundryman the 
need for compressing these mate- 
rials and limiting the size of the re- 
sulting compact within ranges that 
would assure him of good melting 
ind product control. 

Bundles of steel clippings also had 
to possess a certain measure of 
density in order to melt well. In 
addition, it was found that the 
quantity of such scrap per charge 
that could be used might be limited 
by the pressure which the cupola 
blast system was able to deliver. 

The briquetting procedures carried 





Fig. 14—(inset) Method of casting nickel-chromium-molybdenum alloyed and inoculated 
iron piston rings. Fig. 15—Type of specimen used to test piston ring iron. 


with them the need to recover oil 
that was introduced in the machine 
shops, mainly to eliminate the smoke 
nuisance which accompanied the 
use of this type of charging stock 
in the cupola. In some cases, the 
reclamation of alloys by recovery 
through briquetted borings caused 
a higher operating cost which, at 
the time, was justified in many cases 
through the need for conservation. 

The installation of additional hot 
blast systems contributed also to a 
substantial saving in fuel, partic- 
ularly where shops were melting 
more than 20 tons of iron per day. 
In some shops the hot blast systems 
were used to improve melting tem- 
peratures. 

While this may not have led to 
any economy in the use of fuel, it 
accomplished a more important ob- 
jective in these shops through pro- 
viding a hotter iron, which con- 
tributed to the production of sound 
castings and better physical proper- 
ties. Future developments in hot 
blast systems may improve efficiency 
and reduce bulk, thus providing an 
additional appeal to the smaller 
tonnage foundries in the problem of 
saving fuel or improving upon 
control. 

Additional blast humidity control 
systems were installed principally to 


improve control and thus improve 
quality. Foundrymen are conscious 
of the fact that approximately 1' 
tons of air are blown into the cupola 
for each 2 tons of iron melted, and 
this volume of air may contain 15 to 
30 liters of water, which takes a toll 
of heat units out of the fuel bed 
and metal charge. The increased 
loss in carbon, silicon and manga- 
nese attending the use of a humid 
blast could be eliminated by oper- 
ating to a standardized humidity of 
the blast. 

Careful research work in _ the 
laboratory upon these 
when converted to commercial prac- 
tice, offered foundrymen some meas- 
ure of the influence of these factors 
upon the quality of the product or 
the economy of the process. These 
details of cupola 
volving the study of the size and 
density of the metal and fuel charg- 
ing stock, accompanied by better 
control over the temperature, pres- 
sure, volume and humidity of the 
blast, led to substantial improve- 
ments in practice which will lead 
the foundry industry to operate at 
new high standards in the future. 

The restricted availability of high 
grade charging stock often forced 
foundrymen to use desulphurizing 
and other purifying fiuxes. In the 


subjex ts.’ 


operation, in- 




















Fig. !6—(above) Photomicrograph of 

untreated machine tool iron near surface. 

Unetched, 250X. Fig. !7—(right) Same 
iron shown in Fig. 16. Etched, 500X. 


postwar period, many of the difh- 
culties related to this problem will 
be eliminated through the selection 
of better raw materials. The prac- 
tice of duplexing by employing the 
electric furnace as a hot metal re- 
ceiver and metal refiner gained fur- 
ther support. Castings requiring 
close control over composition or 
properties lent themselves much 
more readily to this duplex type of 
melting. 

Weighing and measuring devices 
for closely controlled furnace and 
ladle contents were required. Com- 
mon practice consisted of sampling 
the cupola metal by making pre- 
liminary analyses or chill tests and 
adjusting the metal in the electric 
furnace prior to pouring. With this 
type of control, some of the metal 
for high strength castings such as 
the crankshaft, gear, camshaft, and 
similar shapes could be easily pre- 
pared, alloyed up to a level neces- 
sary for the casting section and 
poured into molds, resulting in a 
product possessing strengths of from 
60,000 to 100,000 psi. 

Cupola melted irons of this type 
also were produced in large volumes. 
They readily exceeded the 60,000 
psi. minimum tensile strength, and 
in special cases they travelled the 


entire high strength route to values 
exceeding 80,000 psi. Figure 13 
difficult crankshaft 


nickel-chromium 


illustrates a 
made from a 
molybdenum alloyed metal. 

The American Foundrymen’s 
Association and the American So- 
ciety for Testing Materials’ organ- 
izations have endeavored to simplify 
the problem of procurement and 
production of specification grade 
material. Two additional important 
factors have contributed to the ease 
of producing cast irons of this type: 
(1) alloys and (2) inoculants. 

With the introduction of alloys 
and inoculants it has become pos- 
sible for small tonnage 
foundries to standardize upon a 
single semi-steel mixture, containing 
40 per cent or more of steel, and 
from it, by means of alloys and in- 
oculants, produce the entire specifi- 
cation range of No. 20 to No. 60* 
American Foundrymen’s Association 
and American Society for Testing 
Materials cast irons. 

By this device it is possible for 
the foundryman to treat a metal 
mixture of this type at the cupola 
transfer from the 


jobbing 


spout or upon 
mixing ladle by employing varying 
amounts of alloys and inoculants to 


*Numbers correspond to tensile 
strength in Ib. per sq. in. (psi.), viz: 


Tron No. Psi. Kg/mm 
20 20,000 14 
40 40,000 28 
60 60,000 42 


suit the specification requirements 
of different castings. Since the molds 
for these castings may not all be 
ready for pouring at one time, the 
flexibility which the method pro- 
vides enables the foundryman to 
treat his standardized mixture ove 
a longer melting interval in the 
course of which molds are completed 
and prepared for pouring. 

In production foundries handling 
large quantities of similarly shaped 
castings, it has been possible with 
the help of alloys and inoculants to 
produce very small castings such as 
individually cast piston rings, for 
example, to strength levels exceed- 
ing 65,000 psi. and keep them 
machinable as well as in good micro- 
structural condition as regards re- 
sistance to wear, by making such 
castings conform to predetermined 
types of graphite structure (Figs 
14 and 15, and Tables 1 and 2). 


In this connection, again the co- 


Table 1 
TypicAL CoMPOSITIONS OF ALLOY 
IRON Piston RINGS 


Com posittor 


per cent 
Total Carbon ..- 3.50 
Silicon ..... isang AEG 
Manganese ..... 0.61 
xe 0.92 
Molybdenum . ... 1.06 
Chromium ... re 
Phosphorus “ 0.2: 
Sulphur ..... SE de THES Leger ok 0.0€ 
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ordinated activities of the American 
Foundrymen’s Association and the 
American Society of Testing Mate- 
rials have assisted in providing a 
chart classifying the type and size 
of graphite flakes in cast iron. This 
map of graphite flake structures has 
been extremely useful in indicating 
to both producer and consumer the 
type of graphite desired. 


Mechanism of Inoculation 

Inoculation, which had become 
common practice during the war, is 
certain to continue as a tool in the 
hands of the foundryman for elim- 
inating heretofore unexplained vari- 
ations in the quality of his product. 
The mechanism of inoculation has 
been traced to a reaction which, 
when executed in its proper. time 
and place, forces the crystallization 
of graphite in the stable system. 

Commercial inoculants usually 
possess a high order of graphitizing 
power which is supplied through 
the presence of graphitizing ele- 
ments plus deoxidizers and degasi- 
fers. Their important function of 
stabilizing the structure of the 
graphite leads to the production of 

narrower and more dependable 
range of physical properties for 
metal of the same composition. 
\long with this improvement in 
tructure comes an improvement in 
toughness, machinability, wear re- 
stance and strength. 

Inoculants containing alloys, such 


as nickel, chromium, 
molybdenum, titanium or zirconium 
in addition to silicon, calcium, alu- 
minum and other deoxidizing or de- 
gasifying constituents are commer- 
cially available and are used for 
the specific improvements they con- 
fer beyond either their alloy con- 
tributing influence or their graphite 
structure control. Table 3, taken 
from the A.F.A. ALLoy Cast IRons 
Hanpsook, illustrates commercial 
types of inoculants.* 

As _ previously 
practice of inoculation has won a 
large following. Among the wear 
resisting castings a high percentage 
are treated with inoculants in the 
course of production. In a survey 
of heat resisting applications of cast 
iron, mentioned in the following, 
over 40 per cent of the castings for 
this exacting service had been in- 
oculated. 

In certain foundries the 
output is inoculated, and the prac- 


manganese, 


mentioned, the 


entire 





Fig. 18—(left) Photomicrograph of ma- 
chine tool iron near surface, inoculated with 
nickel (Type B). Unetched, 250X. Fig. 19— 
(above) Same as Fig. 18. Etched, 500X. 


tice has become important partic- 


ularly in shops producing auto- 
motive, diesel, compressor, hydraulic 
machinery, machine tool castings 
and similar wear resisting products. 

Figures 16 to 19 illustrate the 
difference in microstructure of un- 
treated and inoculated machine tool 
cast irons. The powdery graphite 
structure may not extend entirely 
through the thickness of the section, 
but is prevalent at the working sur- 
face, often to a depth of 10 mm. 
(0.393 in.), which exceeds the 
amount of metal removed from the 
castings by machining. In addition 
to wear-resisting structure, a good 
inoculant will promote uniformity in 
structure for irregular sections, and 
better machinability. 

The demand for steel 
exceeded the capacity of steel found- 


castings 


Table 2 


TypicaL Properties or Cast IRoNns 


Tensile Strength, psi. 
Rockwell Hardness 
Elastic Modulus, psi. 
Modulus of Rupture, psi. 
Izod Impact* (in.-lb.) 





Standard Gray Iron Alloyed 
for Piston Rings Tron 
41,200 72,400 
101 (B) 30-C 
11.9 * 10° 17.0-18.0 * 10° 
117,000 
3 5 


*Comparative values obtained from breaking 0.14 0.26 *3.0-in bars in an in.-lb. Izod test machine 

















Cast Iron Founpry Practic: 





52 
i. = ee —— , have been developed which possess 
Table 3° a much greater resistance to scaling 
: oi and deterioration under conditions 
Some TypicaL ANALYSES OF LADLE INOCULANTS a2 
such as prevail in the furnaces of 
a ey eae . oil stills and power plants. 
Inoculant Carbon Calcium Chromium M ese Silico Titanium Zirconium fs ‘ 
Ca-Metal : “100° : aad on Corrosion and Heat Resistance 
Ca-Si 30-35 60-65 Austenitic irons of the _nickel- 
Ca-Si-Ti 5-8 ' 45-50 9-11 chromium-copper alloy type were n 
Cr-Si-Mn-Ti-Ca 1* 38-42 8-11 14-16 1° extensively used for both corrosion | 
1* = 28-32 14-16 15-21 1* resistance and heat resistance. A ot 
Gr-Si-Man-~Zs 30-52 5-10 14-35 16 large quantity was employed as a I 
te nee) ball joint member in aircraft ex- i 
Fe-Si ft . . ‘ 
. ! 90. haust manifold assemblies (Fig. 6) vl 
Graphite 10-100 aes . 
Mo-Si ** 30* and somewhat similar uses were AC 
Ni-Si ¢ 30 made in less spectacular applications M 
Si-C 28-46 45-56 requiring resistance to heat or cor- F 
50 . 42* rosion. Heat and abrasion resisting ab 
Si-Mn 20-25 47-54 veteeees cast irons of the type containing 
Si-Mn-Zr 3-1 oo aa 5-7 28 to 30 per cent of chromium and 
Si-Ti a wer Pare 1 to 3 per cent of nickel, along with 
Si-Zr 47-52 35-40 calle 
39.43 12-15 small amounts of molybdenum, also 


*Approximate. **60 per cent molybdenum. {60 per cent nickel. 


tSeveral grades ee 
and special iren with 5 to 1 


ries with the result that high 
strength cast irons were called upon 
to fill in where steel could not be 
procured. This stimulated progress 
in the production of high strength 
irons and the cupola production of 
those possessing tensile strengths up 
to 100,000 psi., as previously men- 
tioned. Usually strengths exceeding 
60,000 psi. were considered satisfac- 
tory, and nickel-molybdenum and 
nickel-chromium-molybdenum types 
fill most needs and lend themselves 
as easiest to produce from the con- 
trol standpoint. 

In this connection a demand arose 
for cast iron to serve at elevated 
temperatures. For over 30 years the 
limiting temperature to which cast 
iron was permitted to work was 
450° F. This temperature had been 
established by authoritative com- 
mittees operating in behalf of the 
American Society of Mechanical 
Engineers. 

Under pressure of the war, the 
War Metallurgy Committee of the 
National Academy of Sciences con- 
ducted a survey' of elevated tem- 
perature applications which re- 
vealed that for cast iron possessing 
a carbon equivalent of less than 
3.9 no failures had occurred in 
service above 450° F. The carbon 
equivalent was defined as C + 1/3 
Si + 1/3 P carbon equivalent. 





50 to 90 per cent silicon; also silvery pig iron (6 to 20 od cent ry 
per cent silicon. Refer to Attoy Cast Irons HaNnpBoox, 


‘able 94, p. 





The work led to the preparation 
of a preliminary specification for 
cast iron of this type. 

This work was executed through 
a joint committee of the American 
Foundrymen’s Association and the 
American Society for Testing Mate- 
rials. The preliminary specification 
provides for gray iron pressure con- 
taining castings suitable for tem- 
peratures up to 650° F. Details may 
be found in the American Society 
for Testing Materials publications. 
One item in the specification re- 
quires that the cast iron possess a 
strength exceeding 40,000 psi. 

An example of the progress that 
has been made in this direction oc- 
curs in the production of paper mill 
dryer roll castings weighing many 
tons each. Tensile strengths exceed- 
ing 60,000 psi. in Type C (2 in. 
diameter) bars, and 45,000 psi. in 
specimens cut from the top and bot- 
tom walls of the roll, represent 
properties obtainable in the high- 
test nickel-molybdenum alloyed cast 
iron that is used. 

Additional progress occurred with 
the heat resisting and austenitic 
types of alloys containing chromium, 
nickel, copper and molybdenum in 
substantial amounts. Among the 
low-alloy irons, chromium additions 
up to 1 or 2 per cent accompanied 
by nickel, copper, and molybdenum, 


found employment in heat resisting 
applications as well as in services 
requiring the high resistance to 
abrasion. 

Among the abrasion resisting 
compositions, the low alloyed chro- 
mium and chromium-nickel types, 
along with the special types contain- 
ing 4.5 per cent nickel and 1.5 per 
cent chromium, found an increasing 
usage as liners for grinding mills 
pulverizing the minerals whose end 
products were essential to the con- 
duct of the war. These alloyed 
irons, which could deliver from two 
to four times the performance of 
unalloyed types, had to take their 
turn in the matter of availability, 
which depended upon the govern- 
ment’s decision as to whether the 
alloys were sufficiently abundant to 
be used for the purpose intended 


Low Expansion Cast Irons 

In contrast, 35 per cent nickel 
cast irons of low expansivity were 
promptly allocated the alloys they 
required for such essential purposes 
as parts for instruments, machine 
tools, and precision mechanisms re- 
quiring dimensional stability 
throughout changes in temperature 

Very little change occurred i 
established practices for heat treat 
ing cast irons. Since these practice 
usually require time and manpowe: 
in their execution, it was, in gen 
eral, less difficult to produce th 
properties desired in the “as cast 
condition. The more leisurely sched 
ule at which peacetime operatior 
move may lead toward a wid 
application of heat treating pra: 
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e in developing special properties 
cast iron where such a procedure 


duced them more economically 
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Cause and Control 


of 


Magnesium Alloy Microporosity 


* The twenty-fourth in an unbroken series of annual exchange papers 
— 1922-1945— from the Institute of British Foundrymen to the 
American Foundrymen's Association . . . treatment in the present 
paper of cause and control of microporosity in magnesium alloys 
attests the value of this broad exchange of knowledge and ideas for 


the common advancement of the foundry industry. 


HE FORM and distribution 

of porosity in magnesium base 

alloy castings solidified under 
controlled conditions have been stud- 
ied and some comparative tests made 
on aluminum-base alloys of similar 
constitution. It is concluded that: 

1. The characteristic microporos- 
ity in magnesium alloys is due essen- 
tially to unfed shrinkage in alloys 
which solidify over a temperature 
range. 

2. That the presence of gas in 
magnesium-base alloys causes a 
marked increase in the amount of 
microporosity in the casting and does 
not alter its characteristic form. 

3. That owing to their low heat 
capacity and relatively rapid solidi- 
fication the temperature distribution 
in many magnesium-alloy castings 
tends to be less favorable to progres- 
sive feeding. 

4. That under the same solidifica- 
tion conditions the strength of unfed 
castings in magnesium and alumi- 
num alloys is affected to the same 
extent, but that it is more difficult 
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Fig. |A—(left) D.1.D. bar. roured inclined 
30° to vertical and left in that position. 


Fig. 1B—(right) Top run bar with feeder 
usually too small to give complete feeding. 
Cast in inclined position. 





By E. A. G. Liddiard, 
Research Manager, 
and 
W. A. Baker, Investigator, 
British Non-Ferrous Metals 
Research Association, 


London, England 
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Fig. |'C—Bottom-run vertical bar. Round- 

section parallel bars, top-fed, showing loca- 

tion of couples and position of A, B, C, D, 

G bars. Similar bars were made without 

feeders but with | in. dia. downgate and 

runner and poured at controlled rate 
through a bush. 





to ensure correct solidification con- 
ditions in magnesium than in alu- 
minum alloys. 


Foundry technique must be such 
that the metal is free from gas ini- 
tially and does not pick up gas by 
reaction with overheated sand. Run- 
ning, pouring and gating conditions 
must be adjusted to ensure progres- 
sive solidification from the important 
parts of the casting toward the risers 
and feeders. 

One of the principal difficulties 
encountered in making castings in 
magnesium alloys is the occurrence 
of a fine form of porosity known as 
microporosity, and the British Non- 


Ferrous Metals Research Associatio 
has carried out an extensive researc! 
to determine the causes and method 
of controlling microporosity in mag 
nesium alloy castings. The followin 
paper gives an outline of the result 
so far obtained. More complete d« 
tails of the experimental work ar 
given in a paper by W. A. Baker 
which has been submitted to th: 
Journal of the Institute of Metals. 


|. General Lines of Investigation 

rhe investigation has been mainly) 
concerned with sand castings. Cast- 
ings have been made in various al- 
loys of magnesium, using test cast- 
ings of different forms. The broad 
lines of investigation, are dealt with 
as follows: 

1. Metals Used. All alloys were 
prepared from pure commercial ma- 
terials including 99.8 per cent purity 
magnesium, 99.99-+ per cent or 99.5 
per cent purity aluminum, 99.99 + 
purity zinc, 99.8 per cent purity 
nickel (pellets). Where other con- 
stituents were added, these were also 
of the highest purity obtainable. 

2. Melting. Alloys were melted in 
iron crucibles, covered during melt- 
ing with flux Z, and refined by stir- 
ring at a temperature of 1292-1382 
F. (700-750° C.) with flux E. Ex- 
cept where otherwise stated, the al- 
loys were superheated to a tempera- 
ture of 482° F. (250° C.) above the 
liquidus temperature, i. e., to about 
1562-1652° F. (850 to 900° C.) for 
most alloys. During the superheat- 
ing the alloys were protected with 
flux E. Gas-fired melting furnaces 
were used for most of the melting 
work done in this investigation. 

3. Mold Materials. Unless other- 


wise stated the alloys were cast in a 
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Fig. 1D—Bottom-run bottom-fed bar poured 
at controlled rate through a bush. 
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Fig. 1E—Bottom-run round or square-section 

bulged bars. Similar bars were made with 

no feeder at top but a | in. square down- 
qate, and poured through a bush. 
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Fig. |F—Hot-tear test casting. 
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Fig. !G—Pressure-disk casting. Restricted 
feeding into boss. 














highly permeable silica sand mixture 
containing 6 per cent of sulphur, 0.5 
per cent of boric acid, 4 per cent of 
bentonite or 5 per cent of no. 1 (a 
fuller’s earth essentially calcium 
montmorilbonite similar in some re- 
spects to American bentonite). 

1. Types of Castings Used. Sev- 
eral different castings were used; the 
main types are illustrated in Fig. 1, 
although some alterations were made 
in the dimensions during the work. 

(a) D.T.D. type bars which in 
general gave specimens free from 
porosity and whose properties formed 
a standard for comparison purposes. 
This is the form of test bar nor- 
mally specified in Britain by the 
Directorate of Technical Develop- 
ment of the British Ministry of Air- 
craft Production. 

(6) A top-run bar with feeder of 
varying size generally too small to 
give complete feeding. 

(c) A bottom-run vertical bar 





FLux Composi!tTIon* 


—Per Cent 

Flux Z Flux E 
MgCl 11 34 
NaCl 27 9.5 
KCl 18 7 
MgO — 10.5 
CaF, -- 18 


_ “British Patents Nos. 539023, 561748, 539024, 
62597 and 562636 may be consulted for the 
compositional range of these fluxes. 


with a feeder head at the top, termed 
a conventional bar. 

(d) A bottom-run, bottom-fed 
bar, termed an inverted bar. 

(e) A bottom-run bulged bar of 
either circular or rectangular cross- 
section, with or without a feeder 
head at the top. 

(f) A hot-tear test casting in 
which horizontally cast bars were 
cast around small insert bolts, which 
were secured to the molding flask by 
means of a nut. The nut could be 
slackened back to vary the degree of 
restraint applied to the bar during 
solidification. 

(g) A pressure-disk casting. A 
flat disk with a central boss tested 
up to 200 psi. air pressure in ma- 
chined and unmachined condition. 

Except for the D.T.D. bar, all of 
the foregoing castings were not fully 
fed, and were designed for study of 
the effects of varying distribution of 
shrinkage porosity. A few castings 
were also made in chill molds, which 
were lowered into molten lead-tin 
alloys held at a controlled tempera- 
ture. 

5. Methods of Examination. The 
castings produced were examined in 
the following ways: 

(a) Density. The densities of the 
castings or sections cut from castings 
were determined, from which the 
proportion of voids in the metal 
could be calculated. The specific 
gravity of a casting that had not 
been properly fed was compared 





with that of a D.T.D. bar. That the 
D.T.D. bars usually gave the maxi- 
mum density of the alloys was 
proved by microscopic examination, 
which showed them to be free from 
porosity, and by the fact that the 
densities were the same as those of 
sound chill-cast blocks. 

(b) Mechanical Tests. Test pieces 
were cut from various parts of the 
castings and tested in tension to 
show the effect of a given amount 
of porosity on the strength of the 
material. The strengths were ex- 
pressed as percentages of those of 
sound D.T.D. bars poured from the 
same melt. 

(c) X-Ray Examination. Most of 
the castings were radiographed, from 
which the occurrence of streaks of 
porosity, or localized patches of por- 
osity, could be seen. 

(d) Micrographic Examination. 
Microsections were prepared from 
various portions of the casting 
These served to show the form and 
distribution of porosity. 


Il. Porosity Form and Distribution 

The form of porosity met with in 
magnesium-base alloys differs in cer- 
tain respects from that normally 
found in other cast metals, and the 
following terms are used through- 
out this paper to define particular 
types of porosity. 


1. Microporosity. This means 
finely distributed porosity occurring 
around the grain boundaries. Typi- 
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cal examples are shown in Figs. 2 
and 3. This intercrystalline porosity 
is not, however, peculiar to magne- 
although, since 


sium-base alloys, 


most magnesium alloys are finer 
grained than other cast materials, 
e. g., aluminum-base alloys, the por- 
osity is finer. As in many other non- 
ferrous alloys, intergranular or mi- 
croporosity is shown up as discolora- 
tions on fractured castings. It is 
most pronounced on alloys fractured 
after heat treatment, the color vary- 


ing from light straw to almost black. 


2. Layer Porosity 
form of porosity, peculiar to mag- 
nesium radio- 
graphs as dark streaks in sand cast- 
ings (Fig. 4). Under the microscope 
these streaks show up as strings of 
porosity, as shown in Fig. 5. For 
want of a better description, this type 
of porosity has been called layer 
porosity throughout the work, and 
means porosity appearing as small 
intercrystalline patches 
shallow in depth and of relatively 


A particular 


alloys, shows up on 


cavities in 


large area. 

The layers are at right angles to 
the wall of sand castings. X-rays 
only reveal this porosity when the 
layers lie in the same plane as the 
That is one of the 
reasons why in practice it is neces- 
sary to take a large number of x-ray 
shots in different directions, to be 
certain that any casting is free from 
layer porosity. 


x-ray beams. 


3. Intense Concentrations of Por- 
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Fig. 2—(left) 
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A typical shallow layer of porosity in a sand casting 
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(partially solution heat treated 93/7 Mg-Al). 
Showing interdendritic fissures. 250X. 


osity. A patch of porosity is often 
concentrated at one part of a cast- 
ing. This form of porosity is com- 
mon to most cast alloys, and it has 
the most serious effect on strength. 
In a radiograph it shows up as a 
formless mass of porosity, and is in- 
dependent of the direction of the 
x-ray beam. Fig. 6 is a photomicro- 
graph showing an intense concentra- 
tion of porosity in a magnesium al- 
loy. It commonly occurs in that part 
of an unfed casting which is the last 


to solidify. 


+. Secondary Pipe. This takes the 
form of a single cavity situated at 
the last part of the casting to solid- 
ify. It is found in materials which 
with 
range, i. e., pure metals and eutectic 


solidify little or no freezing 


alloys. A typical example of a sec- 
ondary pipe in a eutectic aluminum- 
magnesium alloy is shown by the 
photograph in Fig. 7. 

5. Annular Porosity. This is a de- 
fect which appears to be much more 
pronounced in magnesium-base al- 
loys than in others. It 
cylindrical chill castings in which an 
annulus of porosity is found at a dis- 
tance from the chill face. The ex- 
ternal skin of the chill casting is 
perfectly sound and the internal por- 


appears In 


tion is relatively sound. In many 
cases the annulus of porosity is re- 
solved into a large number of adja- 
cent small layers normal to the mold 
wall. A similar type of porosity is 
also seen in sand castings poured at 


low temperatures. 


metal during solidification, a portion 
of it is almost invariably trapped 
inside the casting, where it forms 
When the gas comes off 


cavities. 


while most of the metal is still liquid 
the cavities tend to be spheroidal. 
of the gas is 


since the 


greater than that of the atmospher: 
and the head of still liquid metal 


Fig. 4—Layer 
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Fig. 3—(above) 
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but if most of the metal has solidi- 
fied before the gas comes off, it will 
force the still liquid metal from be- 
tween dendrites that have solidified. 

In the complete absence of gas a 
shrinkage cavity would be a vacuum, 
and hence even the smallest amount 
of gas allows cavities to form more 
easily as a result of the shrinkage of 
the solidifying metal. It follows 
that there », no sharp distinction be- 
tween gas and shrinkage cavities, 
and it is impossible by merely look- 
ing at a cavity between the grains of 
a metal to say to what extent gas 
has played a part in its formation. 

However, if the metal is allowed 
to solidify under reduced pressure, 
the effects of gas are exaggerated 
and one can estimate whether it is 
likely to play an important part in a 
casting solidifying under normal at- 
mospheric pressure. 

The possibility that porosity in 
magnesium-base alloys might be 
mainly due to gas given off from the 
metal was one of the first points to 
be investigated. An outline of the 
experimental work on this subject 
follows. 


l. Test for the Presence of Gas. 
The test used in this work is illus- 
trated in Fig. 8. A sample of the 
molten metal is scooped out of the 
pot into a small, thin-walled iron 
crucible, which is held in molten 
metal long enough to reach the 


same temperature as the melt. The 
crucible is then transferred to a ves- 
sel (with a glass window for obser- 
vation) which is connected to a 
large reservoir, which has previously 
been pumped out to a low pressure. 


On connecting the evacuated res- 
ervoir with the vessel in which the 
crucible is placed, the pressure falls 
to about 60 mm. of mercury. The 
metal is carefully observed during 
solidification, and when the sample 
has solidified it is cut up and exam- 
ined if necessary. If the metal con- 
tains gas, bubbles of gas can be seen 
rising to the surface while the metal 
solidifies, and the small ingot, when 
solid, shows blowholes, as illustrated 
in Fig. 9. 


2. Experimental Work. The ap- 
propriate gas was bubbled through 
the molten metal for varying periods 
before casting. Some tests were 
made using sulphur dioxide, carbon 
dioxide and carbon monoxide, but 
most of the work was done with 
hydrogen. A magnesium-7 per cent 
aluminum alloy was used, and the 
following test castings made: 

D.T.D. bars (Fig. 1 A), including 
some with 11% in. diameter head. 

Up-run bars but without a feeder 
head, and with runner 11 in. long 
and of 1-in. diameter (Fig. 1 C). 

3. Results. No gas unsoundness 
was found after treatment with sul- 






















Fig. 5—(left) Layers of porosity in a moderately unsound casting. 2.5X. Fig. 6— 
{above) Intense concentration of porosity in a badly fed sand casting. 2.5X. 


phur dioxide, carbon dioxide and 
carbon monoxide, although consid- 
erable drossing occurred on treat- 
ment with the oxides of carbon. 
Melts made from virgin materials 
or from scrap which had been in 
storage for only a short time under 
reasonably good storage conditions 
gave only slightly gassy melts. Metal 
which had been in storage for some 
time, particularly that which had 
corroded, was gassy, but gas could 
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Fig. 7—Secondary pipe in a eutectic alumi 
num-magnesium alloy. |X. 
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be driven off by heating the metal 
to a temperature of about 680° F. 
(350° C.) for 16 hr. before melting, 
and could also be removed by allow- 
ing the molten metal to solidify, 
whereupon all the gas was given off, 
and then remelting. 

This procedure, well known in 
ordinary foundry practice, is known 
as presolidification. Gas could also 
be removed by chlorine treatment. 
However, it was found that some 
porosity developed in the castings 
made in the top-poured bars with 
small heads and in up-run 11-in. 
bars, even when the melt was shown 
by the test previously described to be 
substantially free from gas, but no 
porosity was found in gas-free metal 
cast in D.T.D. bars (Fig. 1A). 


Hydrogen Porosity 

When hydrogen was introduced 
into the metal before casting some 
porosity was found in the D.T.D. 
bars, and the amount of porosity in 
the other bars increased with a cor- 
responding decrease in strength. As 
more hydrogen was introduced into 
the metal, so the amount of porosity 
in all the bars increased and the 
strength decreased. However, the 
form of the porosity was not altered 
by the presence of gas. 

4. Possible Gas Pick-Up from the 
Mold. The foregoing tests were car- 
ried out on the assumption that the 
only gas given off on solidification 
would be that gas dissolved in the 
molten metal before casting. How- 
ever, recent work by the association 
has shown that many non-ferrous 
metals pick up hydrogen by reaction 
with moisture present in sand molds, 
and even metal which before casting 
was shown to be free from gas some- 
times gave porous sand castings. 

A few tests were made to see if 
magnesium-base alloys picked up gas 
from molds. Some castings were 
made in the normal sand mixture, 
some using Red Mansfield sands (a 
naturally bonded fine sand contain- 
ing 4 to 5 per cent of water and 
with relatively low permeability, 


e. g., 20 to 30 A.F.A.), uninhibited 
and partially dried by heating for an 
hour at 212° F. (100° C.), and oth- 
ers in Red Mansfield sand, uninhib- 
ited but thoroughly baked at 1652° 
F. (900° C.). (This high-tempera- 
ture baking had been found neces- 


sary in other work to eliminate gas 
pick-up with phosphor bronze. ) * 

The metal burnt in the partially 
dried Mansfield sand, and a great 
deal of porosity, which was of the 
usual layer form, was found in the 
bars. However, no porosity was 
found in bars cast in the inhibited 
green sand or in the Mansfield sand 
baked at 1652° F. (900° C.), al- 
though in the latter there was con- 
siderable penetration of the metal 
into the sand. 

These tests showed that magne- 
sium-base alloys can absorb gas from 
wet sand molds, although the pres- 
ence of sulphur in the sand ap- 
peared to be sufficient to prevent 
appreciable gas pick-up. However, 
even in inhibited nrolds it is possible 
that some gas pick-up may occur by 


Macnesium ALLoy MIcRopPoRos!T\ 


sium-base alloys causes a marked in- 
crease in the amount of microporos- 
ity in the casting and does not alter 
its characteristic form, i. e., layers of 


-porosity in sand castings. 


3. Gas in magnesium alloys may 
arise in practice from corroded 
metal. It is assumed that the corro- 
sion products carry with them con- 
siderable quantities of moisture 
which reacts with the metal when 
molten, introducing hydrogen. The 
danger can be minimized by storing 
ingot metal and scrap under dry 
conditions, or by heating the metal 
long enough to dry the moisture 
from its surface before charging. 

4. Gas can be easily removed by 
presolidification, i. e., by allowing 
the metal to solidify and remelting. 
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Fig. 8—lllustration of the test for the presence of gas. 





reaction between the metal and 
moisture in the mold, particularly 
in overheated parts. Fractures 
through runners and ingates are 
often badly discolored in the outer 
layers, suggesting some reaction with 
the mold atmosphere. 

5. Conclusions. 1. Gas is not the 
primary cause of porosity in magne- 
sium castings, since porosity has 
been found to develop in material 
which has been tested and shown to 
be free from gas liable to be evolved 
on solidification and when precau- 
tions were taken to avoid regassing 
in the mold. 

2. The presence of gas in magne- 


*W. A. Baker, F. C. Child and W. H. 
Glaisher, “The Effect of Shrinkage and 
Gas Porosity on the Pressure Tightness 
and Mechanical Properties of Bronze 
Sand Castings,” Journal, Institute of 
Metals, vol. 70, pp. 373-406 (1944). 


IV. Effect of Alloy Constitution 

It is well known in the trade that 
certain magnesium alloys are more 
prone to microporosity than others. 
This is not surprising, since it is well 
known that the form and amount of 
porosity in other non-ferrous metal 
castings depend on their constitution. 
One of the most important factors 
governing distribution of porosity is 
the freezing range of the metal, i. e., 
the temperature range through 
which the alloy solidifies. 

Pure metal and eutectic alloys 
have no freezing range, but most 
alloys solidify over an ap-yreciable 
temperature range. In a simple al- 
loy system, such as aluminum-mag- 
nesium, the freezing range can be 
altered by altering the proportions 
of the two alloying constituents. 

In addition to the freezing range 
of the material the relative propor- 
tion of the metal which solidifies at 
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different temperatures is important 
For instance, in some ailoys nearly 
ll of the metal solidifies at quite a 
high temperature and a small 
amount of liquid remains at the end, 
and does not solidify until at a much 
lower temperature. 

In other alloys a large proportion 
solidifies at the lowest temperature. 
In general, the way in which an 
alloy solidifies determines the form 
and distribution of the shrinkage 
porosity, which is bound to occur 
unless the casting is completely fed. 

1. Experimental Work. To study 
the effect of constitutional change 
the magnesium-aluminum _ system 
was used, and alloys were made con- 
taining 2.5, 5, 10, 20 and 32 per cent 
of aluminum, with freezing ranges 
varying from 392° F. (200° C.) to 
39° F. (0° G.). 


Freezing Ranges 

It should be kept in mind that 
the freezing ranges of the alloys are 
not necessarily those given by the 
equilibrium diagram, since solidifi- 
cation in a sand casting does not 
take place under equilibrium condi- 
tions. 

In this work some of the alloy 
melts were not superheated, so that 
a comparison was made between 
castings with different grain size. 
However, it should be noted that 
even in the castings described as 
coarse-grained the grain size was 
smaller than that normally found in 
most other commercial casting alloys, 
including aluminum alloys. 

Test bars used included D.T.D. 
bars (Fig 1 A), up-run bars 12 in. 
long (Fig. 1 C), disk castings (Fig. 
| G) and hot-tear tests (Fig. 1 F). 

2. Results. The results obtained 
showed that the amount of porosity, 
as judged by density measurements, 
did not vary much with the consti- 
tution of the alloy, and that micro- 
porosity was liable to develop in any 
magnesium-base alloy which solidi- 
fies over an appreciable freezing 
range and which is not properly fed. 

X-ray examination showed typical 
layers of porosity in both the fine 
and coarser-grained castings, but the 
eutectic alloy in each case showed 
secondary pipe with no layers of 
porosity. In the 20 per cent alloy 
also, the porosity tended to concen- 
trate in the center and was inter- 
mediate between typical layer poros- 
ity shown by the other alloys and the 


secondary pipe shown by the eutectic 


alloy 


Properties of Alloys 

The eutectic alloy was extremely 
brittle, and the tensile properties of 
the 20 per cent alloy were, in gen- 
eral, rather poor. However, there 
was little to choose between the 
properties of the other alloys in the 
coarser-grained castings, but in the 
fine-grained superheated castings the 
maximum tensile strength was ob- 
tained with the 5 per cent alloy, and 
in each case was higher than the 
corresponding strength with the 
coarser-grained material. This ap- 
plied both to the D.T.D. bars and 
the up-run bar. 

None of the fine-grained disk cast- 
ings leaked in the unmachined con- 
dition, although some leaked on ma- 
chining. However, the pressure disks 
made in the coarse-grained material 
were much more liable to leak, and 
in some cases showed cracks around 
the boss. The finer-grained castings 
usually showed surface shrinks rather 
than eracks. The behavior in the 
pressure-disk test was. explained by 
the results from the hot-tear test, 
which showed more failures in the 
coarser than in the fine-grained ma- 
terial. 

With a fine-grained material the 
surface of the casting during solidi- 
fication consists of a large number 
of very small crystals suspended in a 
liquid, and this tends to collapse as 
a whole as the casting shrinks. How- 
ever, with a coarser-grained mate- 
rial there is a greater tendency for 
cracks to form between the grains 
while the material is solidifying, be- 
cause the larger crystals rapidly 
form a coherent mass which cannot 
collapse as a whole. 


Grain Size Effect 

Poor resistance to pressure tight- 
ness and to hot tearing to some ex- 
tent therefore go hand in hand, and 
are controlled, at least in part, by 
the grain size of the casting. With 
comparable grain size, the alloys of 
low aluminum content (e.g., 2.5 and 
5 per cent) were more prone to hot- 
tear and to give defective disk cast- 
ings than those of higher aluminum 
content (e. g., 10 and 20 per cent), 
and this can be explained on similar 
lines. 

In alloys of low aluminum con- 
tent, most of the metal freezes in the 
upper part of the freezing range and 
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the interlocking crystals formed are 
surrounded by thin films of low- 
melting-point metal The contrac- 
tion of the primary crystals during 
cooling in the lower part of the 
freezing range tends to pull them 
apart and produce hot tears, the 
intercrystalline films of liquid having 
negligible strength. 

In alloys of higher aluminum con- 
tent, there is a relatively large pro- 
portion of liquid metal remaining 
liquid down to the solidus tempera- 
ture, and the contraction, of the 
primary crystals is accommodated by 
feeding of this eutectic liquid or, in 
some cases, by feeding of the whole 
mass of small primaries and eutectic 


V. Mode of Solidification of Mag- 
nesium and Aluminum-Base Alloys 
The work described in the follow- 

ing paragraphs was carried out in an 

endeavor to correlate the manner in 
which magnesium solidify 
with the types of porosity found in 
them. At this stage it is worth while 
pointing out some essential differ- 


alloys 


ences between magnesium and other 
non-ferrous metals. Magnesium is 
by far the lightest of the commer- 
cially used metals, aluminum being 
the next. 
other commercial used metals, ex- 
cept zinc, in crystallizing in the hex- 
agonal system; most other metals are 


Magnesium differs from 


cubic. 

Another striking difference be- 
tween magnesium and most other 
non-ferrous metals is in the low heat 
capacity of magnesium. Much less 
heat is required to melt a given vol- 
ume of magnesium than for any 
other metal because of the low spe- 
cific heat and latent heat per unit 
volume. Magnesium will therefore 
solidify much more quickly than any 
other commercial metal when cast 
into the same type of mold. Figures 
showing the density and thermal 
properties per unit volume of mag- 
nesium as compared with other 
metals are given in Table |. 

1. Alloys Tested and Types of 
Castings Used. A large variety of 
alloys were tested, including alumi- 
num-base alloys as well as magne- 
sium-base alloys. The alloys were 
chosen to have similar constitution 
and freezing range. All the types 
of castings described in the intro- 
ductory section were used. 

2. Methods of Modifying Solidifi- 


cation Rates. As already indicated, 
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Fig. 9—Examples of ingots solidified under reduced pressure. |X. 


magnesium-base alloys will, under 
comparable conditions of cooling, 
solidify much more rapidly than 
aluminum-base alloys. It became 
necessary therefore to find out what 
part this relatively rapid solidifica- 
tion rate played in determining the 
distribution of porosity. 

Castings of similar form in both 
magnesium and aluminum-base al- 
loys were therefore cast in such a 
way as to give comparable solidifica- 
tion rates. For example, the rate of 
solidification of a metal can be de- 
layed by using a high casting tem- 
perature. This results in excessive 
heat being introduced into the metal 
in the mold, and consequently the 
casting takes longer to solidify. 

One method used to lower the 
solidification rate of magnesium- 
base alloys was to use a high casting 
temperature. However, a_ small 
amount of calcium was added to 
prevent burning in alloys cast at 
high temperature, preliminary tests 
having shown that calcium additions 
had no significant effect in solidifi- 
cation behavior or porosity. 

Another method adopted was to 
preheat the mold before casting. 
This slowed down the rate at which 
heat was taken away from the metal 
by the mold and again resulted in a 
slower rate of solidification. The 
solidification rate of aluminum-base 
alloys was increased by introducing 
uniformly spaced chills into the 
mold. 


3. Measurement of Temperature 
Gradient during Solidification. In 
some of the test castings made, par- 
ticularly those of vertical up-run 
bars (Fig. 1 C), thermocouples were 
placed at the top and bottom of the 
castings and records were taken of 
the temperature during their solidi- 
fication. From these records curves 
were drawn showing temperature 
changes with time. 


In most cases it was found that 
the temperature at the top of the 
bar was lower than at the bottom 
when the mold was first filled. How- 
ever, as the metal solidified, the 
temperature difference between the 
top and bottom altered, and Figs. 10 
and 11 are typical examples of the 
type of curve obtained. 


When the temperature at the top 
of the casting was lower than at the 
bottom, as in the early stages of 
solidification of the casting to which 
Fig. 10 refers, solidification would 
proceed more rapidly at the top. In 
this case the feeder head was at the 
top, and during the early stages of 





MAGNESIUM ALLOY MICROPOROSIT) 


solidification feeding from the feeder 
head downward would be hindered 

The ideal temperature distribution 
would be that the top of the casting 
near the feeder was always hotter 
than the lower part, so that feeding 
proceeded downward while solidifi- 
cation progresses upward. By com- 
paring the areas “ABC” in Fig. |' 
with the area “CDE,” one can ob- 
tain an indication of the amount by 
which the temperature gradients 
during solidification of the casting 
were unfavorable. 

In the example given in Fig. 10 
area “ABC” is about one-third of 
that of “CDE,” and the strength of 
the casting was only 50 per cent of 
that of a fully fed D.T.D. bar. In 
the casting to which Fig. 11 refers 
the temperature gradients were fa- 
vorable during almost all of the time 
that the casting was solidifying. In 
this case the strength of the casting 
was 84 per cent of that of a fully 
fed D.T.D. bar. 

4. Mechanical Tests. Test pieces 
were cut from various sections (A, 
B, C and D) of the bar, as indi- 
cated in Fig. 1C, and also on a com- 
plete bar (G). Density determina- 
tions were also made on the various 
sections of the bar. 

5. Results. The total amount of 
porosity found in aluminum alloys, 
judged by density, was in every case 
more than that found in magnesium 
alloys under similar solidification 
conditions. The tensile strengths of 
castings which were not fully fed 
were about the same in both magne- 
sium- and aluminum-base alloys. 
provided that the conditions of 
solidification were similar. For a 
given amount of porosity, as judged 
by density measurements, the effect 
on the strength of magnesium alloys 


was greater than for aluminum 
alloys. 
When bars in aluminum- and 


magnesium-base alloys were cast in 
green sand molds of the same dimen- 
sions, it was found that the unfavor- 
able heat distribution during solidifi 


Table 1 


THERMAL PROPERTIES PER Unit VoLUME oF MAGNESIUM COMPARED 
witH OTHER METALS . 


; ———Mean Specific Heat—— Latent 
Specific cal./em2/°C. Heat of 
Metal Gravity Solid Liquid Fusion 
Magnesium 1.8 0.50 0.54 90 
Aluminum 2.7 0.68 0.70 250 
Copper 8.9 0.89 1.06 440 
Iron 7.8 1.34 500 
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:tion was very much greater in the 
ase of magnesium alloys than in 
luminum alloys, but when condi- 
ions of cooling were adjusted 
either by preheating the mold or 
asting at a higher temperature for 
magnesium alloys, or introducing 
hills into the sand for the alum- 
num alloys), the relative strength 
the two materials was approxi- 
nately the same. 

By relative strength is meant the 
trength in the unfed casting as a 
percentage of the strength of fully 
fed D.T.D. bars. Typical figures are 
siven in Table 2, which includes a 
column headed “solidification fac- 
tor,’ which is derived from curves 
1s illustrated in Figs. 10 and 11. 

A high solidification factor means 
that during the major part of solidi- 
fication the temperature gradients 
were favorable. The solidification 
factor is actually derived from the 
ratio of the amount of solidification 
that took place under a favorable 
temperature gradient to that taking 
place under an unfavorable gradient. 

It will be seen that the loss in 
strength in the unfed castings de- 
pends essentially on the solidification 
factor, and that there is no real dif- 
ference between aluminum and 


magnesium alloys in this respect 
This point is illustrated in Fig. 12, 
which shows the relation between 
solidification factor and minimum 
relative strength of up-run, bars. 

This relation is independent of 
the alloy. However, there is one 
point on which a difference persists. 
In the unfed magnesium-alloy cast- 
ings, the porosity takes the form of 
layers of porosity or of intense con- 
centrations of porosity; whereas in 
the aluminum alloys no layers of 
porosity were detected by x-rays, al- 
though intense concentrations of 
porosity were found. 

The most important conclusion 
from this work is that, owing to their 
low heat capacity, magnesium alloys 
solidify relatively fast in green sand 
molds, and that the temperature 
conditions tend to be less favorable 
to progressive feeding. Greater pro- 
vision must therefore be made for 
feeding these alloys than for most 
other non-ferrous metals. 

In other work of the Association 
on inverse segregation it has been 
shown that porosity in the last por 
tions of a casting to solidify is asso- 
ciated with the draining away of the 
last portions of liquid. Experiments 
were made to determine whether 
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Fig. 10—Temperature distribution during solidification and mechancial properties of test 
bars in 93/7 Mg-Al top-fed casting poured at 1364° F. (740° C.) into green sand mold. 
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there was a deficiency of the liquid 
which was last to solidify in porous 
parts of magnesium alloy castings. 


Vi. Miscellaneous Experiments on 
Layer and Annular Porosity 

Analyses were carried out on sam- 
ples drilled from porous patches in 
magnesium alloy castings, and these 
porous patches were found to be de- 
ficient in the last solidifying liquid. 
In binary aluminum - magnesium 
alloys the last remaining liquid is 
higher in aluminum than the re. 
mainder of the casting, and the 
analysis of the porous region shows 
deficiency in aluminum content. It 
follows, therefore, that some of the 
liquid has drained away during the 
last stages of solidification. 

This was further proved by add- 
ing a small amount of copper to the 
alloy, since this copper is also asso- 
ciated with the last portions of the 
alloy to solidify. Again, a deficiency 
in copper was found in the porous 
regions. In this respect also, there- 
fore, magnesium alloys behave sim- 
ilarly to other alloys. 

Some castings were also made in 
magnesium-base alloys to which 
beryllium was added. Beryllium has 
the effect of increasing the grain 
size considerably until it approxi- 
mates that of a coarse-grained alum- 
inum casting with grain dimensions 
of the order of 3-4 mm., as com- 
pared with about 0.1 mm. for beryl- 
lium-free metal. 

In these alloys a striking change 
was observed in the distribution of 
porosity, which tended to concen- 
trate toward the center of the cast- 
ing, the patches of porosity having 
roughly equal dimensions in three 
directions at right angles, with no 
layers of porosity such as were found 
in castings of the same form in a 
fine-grained material. It follows that 
the small grain size of the magne- 
sium alloys is a factor contributing 
to the formation of layer porosity. 


Chill-Cast Test Bars 

Some experiments were also car- 
ried out with chill-cast bars. With 
cylindrical cast bars a ring of por- 
osity is found at a distance from the 
chill face. It was found difficult to 
control this annular porosity in chill 
castings and to obtain reproducible 
results with castings solidified under 
apparently identical conditions. 

To control the solidification con- 
ditions more precisely the molten 
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Table 2 
CorRELATION BETWEEN Properties OF CasTINGS AND CooLinc ConpbITIONS IN THE MOLD 
Casting Conditions - : —————— Properties of Castings— : = 
Pouring Feeder/ Solidi- f —Relative Strength UTS X100 
Tempera- Casting Mold . fication ——Porosity Voids, per cent— UTSprp 
Alloy tare,” C. Ratio Condition Factor A B Cc D A B Cc D 
93/7 740 1/1 Green 0.89 0.6 0.6 1.1 0.1 42 65 61 79 50 
740 1/1 Preheated* 9.4 0.7 0.4 0.4 0.0 73 86 79 98 76 
Me/Al 780 1.6/1 Green 2.8 0.6 0.3 0.8 0.1 70 74 64 77 62 
780 1.6/1 Preheated* 54.0 0.7 04 <0.1 0.0 77 75 77 89 84 
95/5 77 1/1 Green 1.7 <0.1 0.1 0.3 0.1 109 75 51 102 50 
780 1/1 Preheated* 8.8 0.3 0.0 <0.1 0.1 100 81 84 98 73 
Mg/Ni 800 1.6/1 Preheated* 15.5 0.4 0.0 0.0 0.1 100 88 86 97 80 
93/7 770 0.5/1 Green paths 1.0 0.7 0.7 0.2 79 67 65 100 51 
770 1/1 Green 4.0 1.1 0.3 0.2 0.0 71 75 79 105 74 
Al/Cu 780 1/1 80 gm. chillt 0.89 1.2 0.7 0.9 0.2 52 72 64 90 50 
780 1/1 120 gm. chillt 0.92 1.0 0.4 1.4 0.5 63 74 40 67 34 
*Mold face heated to 100° C 
tLight chills of this total weight-embedded along whole length of bar. 
metal was held in cylindrical iron VII. Mechanism of Microporosity in It is proved that microporous 


containers which were at the same 
temperature as the metal, and these 
were then lowered into baths of sol- 
der maintained at a constant tem- 
perature. It was hoped in this way 
to control the conditions of freezing 
exactly, and to be able to reproduce 
the annular type of porosity at will. 

It was shown that fine-grained 
material tended to form annular 
porosity, but coarse-grained bery!- 
lium containing material showed 
central shrinkage. However, marked 
annular porosity not always 
found in fine-grained material, and 
some other factor may operate 
which makes it difficult to invariably 
reproduce annular porosity in such 
material even with this close control 
of solidification conditions. 

That annular and layer porosity 
are essentially similar and arise from 
the same cause was proved by a 
sand-cast bar poured unusually cold, 
which showed annular porosity in 
that part of the bar where the metal 
could freeze most rapidly, merging 
into the normal layer type further 
along the bar. In the intermediate 
region the porosity took the form of 
a series of small layers normal to 
the mold wall but arranged in an 
annulus. 

Experiments with magnesium-zinc 
(7 per cent) alloys showed that 
these alloys were moderately fine- 
grained and contained layers of 
porosity similar to those described 
previously except that the layers 
were deeper. In certain castings 
there were layers of eutectic similar 
in form to the layers of porosity 
shown in Fig. 14. 


was 


®%e 





Magnesium Alloys 

Much of the mystery that has 
hitherto surrounded the occurrence 
of microporosity in magnesium alloys 
disappears with the findings (a) 
that under comparable conditions 
of solidification the strength of un- 
fed castings in both magnesium and 
aluminum alloys is affected to the 
same extent, and (b) that it is more 
difficult to ensure correct solidifica- 
tion conditions in magnesium than 
in aluminum alloys. 


areas in both magnesium and alum- 
inum alloys are deficient in the last 
liquid to solidify, and that the por- 
osity is therefore essentially due to 
shrinkage. Some differences between 
the two materials still remain for 
explanation, which must be some- 
what speculative. These are as fol- 
lows: 

1. Under the same solidification 
conditions magnesium alloys show 
by density measurements less overall 
porosity than aluminum alloys. 
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Fig. ||—Temperature distribution during solidification and mechanical properties of test 
bars in 93/7 Mg-Al top-fed casting poured at 1436° F. (780° C.) into mold heated to 
approximately 212° F. (\ 


00°C.) Feeder to casting ratio, 1.6:1. 
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Fig. 12—Effect of solidification factor on minimum. strength of up-run bars. 


2. For a given amount of porosity, 
judged by density measurements, the 
strength of magnesium alloys is more 
seriously affected than that of alum- 
inum alloys. 

3. Gas in aluminum alloys may 
alter the form and/or distribution 
of porosity in an unfed casting, so 
that in some cases the strength is 
actually improved. In magnesium 
alloys gas does not affect the form 
of porosity, and no tendency to give 
a more uniform distribution of por- 
osity or to improve the strength has 
been observed in this work. 

4. Porosity in fine-grained mag- 
nesium alloy takes the characteristic 
layer form in sand casting and fre- 
quently appears as an annulus in 
cylindrical chill castings. 


Dendrite Forms 

These observations may be largely 
explained by the form of the den- 
drites in cast magnesium alloys. The 
dendrites in magnesium alloys form 
small rosettes with six main branches 
on one plane and with little if any 
growth at right angles. 

Typical dendrites in magnesium 
alloys are shown in Fig. 13. In 
metals which solidify in the cubic 
system the dendrites tend to grow 
equally in three directions at right 
angles parallel to the faces of the 
cube. It is reasonable to assume that 
there is less likelihood of interlock- 
ing of the hexagonal dendrites as 
compared with cubic dendrites, 
since the former tend to grow in one 
plane and there is less chance of 
residual liquid being trapped and 
forming shrinkage or gas voids be- 
tween the branches of the hexagonal 
dendrites. 


Any shrinkage of liquid so trapped 
between the branches of the hexa- 
gonal dendrites is fed from one side 
or the other of the flat hexagonal 
plate. Hence, the overall soundness 
of magnesium alloys is greater, 
judged by density determinations, 
than for cubic metals. 


Grain Size Effect 

An added factor which is likely 
to contribute to the overall sound- 
ness of most cast magnesium alloys 
is their fine grain as compared with 
that of most aluminum alloys. A 
fine-grained material is more likely 
to feed with movement of the pasty 
mass of small crystals and liquid 
than is a coarse-grained material, 
where the large dendrites would 
tend to hinder mass movement. 

If, as is suggested, the unsound- 
ness in magnesium alloys will tend 
to concentrate at the outside of the 
hexagonal dendrites, whereas in 
cubic metals a large proportion may 
be trapped between the dendrite 
branches, it would follow that any 
unsoundness caused either by shrink- 
age or gas would have a more seri- 
ous effect on the strength of hexa- 
gonal metals. 

The occurrence of layers of poros- 
ity in magnesium alloys has been 
shown to be associated with the 
fine grain of properly melted metal. 
Coarse-grained metal does not show 
layers. It seems probable that these 
layers form at a late stage in freez- 
ing, while a pasty mass of small 
crystals and liquid is moving to com- 
pensate for shrinkage. 

Apparently, local “faults” develop 
in this mass at right angles to its 
direction of movement and are 


pulled farthest apart at the center 
of a sand-cast bar where the move- 
ment is greatest. This mechanism is 
suggested by the observation on 
magnesium-zinc alloys, where it was 
found (Fig. 14) that the lavers of 
porosity were in some cases as- 
sociated with layers of low melting 
point liquid 

It seems likely that the faults de- 
veloped in the moving mass of crys- 
tals may in some cases be healed by 
the influx of low melting point 
residual liquid, and the resulting 
pool acts as a local feeder at a later 
stage in freezing, the liquid draining 
away from this pool to feed freezing 
shrinkage in the adjoining metal. In 
other cases the faults may form at 
a later stage in freezing and may 
never then be healed. 

In the case of chill castings the 
sound outer zone probably rep- 
resents material which has solidified 
rapidly from the mold walls inward, 
and in the central, slightly unsound 
portion, mass feeding of small crys- 
tals and liquid has taken place. In 
this case the faults develop between 
the two zones. It should be remem- 
bered that the degree of porosity 
may be influenced by small varia- 
tions in gas content below the limits 
detectable by the test used. 


Vill. Magnesium Alloy Casting 
Technique 

The most striking conclusion from 
the work described is that there 
is no essential difference between 
aluminum- and magnesium-base al- 
loys in respect to loss of strength 
in unfed castings when the castings 
solidify at the same rate and unde: 
the same conditions of temperature 
distribution. 

When a particular casting in a 
gas-free magnesium-base alloy shows 
a relatively greater loss of strength 
in unfed portions than would a gas- 
free aluminum alloy, this is because 
the magnesium alloy solidified much 
more rapidly than would the alumi- 
num alloy, and the temperature con- 
ditions during solidification have 
therefore been less favorable. 

The mechanism of microsporosity 
in magnesium-base alloys is essen- 
tially similar to that of any other 
non-ferrous metal, and is due to the 
draining away of the last portions 
of the metal to solidify from parts 
of the casting which cannot be 
properly fed. Owing to the more 
rapid rate of solidification of mag- 
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nesium under similar con- 


ditions, they are more sensitive to 


alloys 


poor temperature distribution in the 
mold. 

[It follows that the casting tech- 
nique must be adjusted to ensure 
the best solidification conditions and 
proper feeding. In practice most 
magnesium alloy castings are bot- 
tom or middle run, and the metal 
is seldom poured directly into the 
mold through the cavity which is 
subsequently to act as a feeder. This 
is because of the danger of trapping 
oxide and flux in the casting if the 
turbulent, broken 


metal flows in a 


stream into the mold. 

Such inclusions 
weaken the casting and 
highly susceptible to corrosion. At 
the same time, the necessity for bot- 
tom or middle running increases the 
difficulty of obtaining good tempera- 
ture conditions in the mold, since, 
with top feeders, the metal which 
eventually reaches them is cooled as 
it runs through the mold and is 
cooler than the metal coming in at 
the bottom of the casting. 


can seriously 


make it 


The experiments described in the 
following paragraphs illustrate this 
point and show the advantage of 
putting feeders at the bottom instead 
of at the top of the casting, since 
gravity is shown to play a minor 
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part in feeding, at least in the last 
stages of freezing. 

|. Experimental Work. Most of 
the work on methods of 
running magnesium alloy castings 
was done on 7 per cent aluminum- 
but tests 


various 


magnesium alloy, some 
were made on the proprietary alloys 
AZ31 (3 per cent Al, 1.5 per cent 
Zn, 0.3 per cent Mn) and A8 (8.5 
per cent Al, 0.5 per cent Zn, 0.3 per 
cent Mn). The castings used were: 

(a) Top-poured bars, Fig. 1B. 

(b) “Conventional” bars, i.e., bot- 
tom poured with feeders at the top, 
Fig. 1C. 

(c) Bottom-run bottom-fed bars, 
Fig. 1D. 

2. Results. The advantages of a 
top-poured bar have been shown 
throughout the work of this research 
by the consistently high strength of 
the top-poured D.T.D. bars. These 
bars can be poured on the slope to 
avoid inclusions. The hot metal runs 
through the feeder cavity, heating 
it, so that the best temperature 
gradient is set up while the bar is 
solidifying. As the length of the bar 
increases it becomes more difficult 
to avoid inclusions and for the feed- 
er at the top of the bar to accomplish 
its purpose. 


Strengths approaching those of 
D.T.D. bars were found using a very 


Fig. 13—(left) Dendrites in sand-cast 93/7 Mg-Al alloy. 
Fig. 14.—(right) Radiographs of 93/7 Mg-Zn alloy bars. In 
this positive print the white streaks denote patches of 
porosity and the streaks indicate patches of eutectic. 
The feeder to casting ratio was 3:! for the specimen 

on the left and |:! for that on. the right. 


many dark and few white streaks in the 
left-hand picture and the reverse in the 
right-hand picture. 1X. 


Note 
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slow rate of pour with the bar tilted 
The use of a slow pouring speed in- 
troduces one difficulty; the metal in 
the pot loses heat rapidly, and by 
the time the bar is filled the meta! 
in the feeder head may be too cold 
to feed properly. 

The most striking result was found 
on comparing the strength of the 
“conventional” and “bottom-fed” 
bars. Averaging all the results, and 
taking the strength of the D.T.D. 
bars as 100 per cent, the strength of 
the bottom-fed bars was 84 per cent, 
compared with 62 per cent for the 
“conventional” bottom-run_ top-fed 
bars. 

The cross-section of the downgate 
must, of course, be large enough to 
maintain pressure of the liquid metal 
on the bottom feeder until a coherent 
skin forms around the casting prop- 
er, and if this is done gravity plays 
little part in the final stages of 
solidification and feeding. The ad- 
vantage of the bottom-fed bar lies 
in the fact that the incoming metal 
passes through the feeder cavity and 
heats it, and comparatively cold 
metal reaches the top of the bar. 

The temperature gradient during 
solidification is, in this case, from 
bottom (feeder cavity) to top. The 
best results were found when the 
pouring speed was low enough to 
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low the metal to solidify just as 
he top of the bar was reached. With 
igh pouring speeds the metal reach- 
ne the top of the bar was hotter 
nd a less steep temperature gradient 
as set up. In heavy-section cast- 
ngs. in which the metal remains 
olten for a longer time, the pos- 
bility of convection currents caus- 
1g the hotter metal to rise should 
lso be kept in mind. 


IX. Application to Foundry 
Technique 

Although the results previously 

utlined are of considerable prac- 
tical importance, they only show 

eneral principles. The castings 
nade in magnesium alloys are much 
more complicated than the simple 
bars used in the laboratory, and it 
is seldom possible to run and feed 

casting employing bottom runners 
ind feeders only. In many cases it 
may be possible to get similar good 
conditions by middle running with 
the feeders at the ingates on the 
parting line. 

There are also other ways of ob- 
taining correct freezing conditions; 
for example, the side-running tech- 
nique, in which the metal is ad- 
mitted to the mold cavity by a side 
slit runner, or the use of a cross 
runner near the top of the mold, so 
that metal direct from the pot runs 
through it when the mold is nearly 





full and fills the top-feeder head 
with hot metal. 

It is not possible to lay down hard 
and fast rules for good magnesium 
foundry practice since the casting 
technique depends so much on the 
particular casting, but the following 
points should be observed: 

1. See that the metal is free from 
gas. This can best be done by using 
clean, dry metal that has not cor- 
roded in storage. If the metal has 
corroded, remove corrosion prod- 
ucts by scratch brushing and preheat 
the metal out of contact with fur- 
nace gases, which usually contain 
much moisture. Test the melt by 
taking a small sample and allowing 
it to solidify under reduced pres- 
sure, as previously described. If the 
metal is gassy, allow it to solidify in 
the pot and remelt. The extra fuel 
involved is unimportant compared 
with the waste caused by porous 
castings. 

2. Adjust the running and pour- 
ing conditions to ensure that the 
temperature conditions during solidi- 
fication are such that the important 
parts of the casting solidify first and 
that the feeders are full of hot metal. 
The ideal to be aimed at is uniform 
progressive solidification in one di- 
rection from those parts of the cast- 
ings remote from the risers to the 
risers. 


Summary 

Important factors to be remem- 
bered in casting magnesium alloys 
are: 

(a) That magnesium alloys will 
lose heat more rapidly than any 
other commercial alloys when run- 
ning through the mold 

b) That feeder cavities can be 
preheated either by external heat- 
ing (e.g., with a gas flame) or by 
allowing hot metal to pass through 
them. 

(c) That feeder cavities need not 
necessarily be at the top of the cast- 
ing since, provided the downgate is 
of sufficient cross-section, gravity is 
relatively unimportant in feeding, 
and hot metal will easily feed up- 
ward to parts of the casting where 
the metal is partly solid. 

(d) That in the parts of the cast- 
ing that matter most, the metal 
should remain as quiet as possible. 
Wherever a large volume of metal 
passes a particular point the sand 
becomes overheated. The metal at 
that point will remain molten longer 
and will feed nearby parts, and when 
it finally solidifies will contain shrink- 
age cracks or cavities. There is the 
added danger of gas pickup by re- 
action with the overheated sand. 

(e) That dross and flux inclusions 
must be minimized by pouring as 
quietly as possible, and by the proper 
use of pouring basins and flux traps 

















Use of the Cumulative Curve for 


FOUNDRY SAND CONTROL 


By R. E. Morey and H. F. Taylor, 


Steel Castings Section, Division of Physical Metallurgy, 
Naval Research Laboratory, Washington, D. C. 


T IS BELIEVED that the pres- 
ent A.F.A. method of classifying 
molding sands does not give an 

adequate evaluation of their suit- 
ability as molding materials. Two 
sands, which are identical according 
to the A.F.A. classification, may 
show entirely different molding 
characteristics. Moreover, castings 
produced in one: sand will be sound 
and of good quality, whereas cast- 
ings produced in the other sand will 
contain porosity and have inferior 
surfaces. 

This is why it is often impossible 
to obtain check between 
foundries supposedly using the same 


results 


grade of sand, and why inconsistent 
results are often obtained in a single 
foundry purchasing batch lots of 
sand from a single producer. 

The problem, therefore, consisted 
of investigating methods of classify- 
ing sands and sediments which are 
used in other fields, to determine if 
they would help to overcome the 
deficiencies of the A.F.A. method; 
also, to modify and adapt the best 
of these methods to the grading of 


Table 1 
SAND FINENESS-——WITHOUT 


Si_t or CLAy 


Retained, Multi- 
Sieve per cent plier Product 
6 0.10 3 0.30 
12 1.20 5 6.00 
20 5.60 10 56.00 
30 6.28 20 125.60 
40 16.72 30 501.60 
50 17.76 40 701.40 
70 9.68 50 484.00 
100 4.30 70 301.00 
140 2.00 100 200.00 
200 1.44 140 201.60 
270 1.04 200 208.00 
66.12 2785.50 
A.F.A. Fineness No. 2783.50 42.12 





* The purpose of this investiga- 
tion was to develop a technique 
for adequate evaluation of par- 
ticulate raw materials in foundry 
use—sands, clays, silica flour, 
and refractories. Additional 
work was undertaken at the 
Naval Research Laboratory sub- 
sequent to the presentation of 
the original paper at the 48th 
Annual Meeting of A.F.A., Buf- 
falo, N. Y., April 26, 1944. The 
present complete report should 
serve to open further lines of in- 
vestigation to improve foundry 
material control. 


foundry sands and clays to the end 
that simple, accurate specifications 
could be developed for their pur- 
chase or designation as well as for 
their control. 

A satisfactory method should en- 
courage development of knowledge 
in the silt-clay region, permit more 
accurate control of sand mixtures 
and raw materials, and permit the 
interchange of ideas on a more ac- 
curate and scientific basis. 

General Considerations. The pres- 


Table 2 
SAND FINENESS 
BUT WITHOUT CLAY 


WITH SILT 


Retained, Multi- 


Steve per cent plier Product 
6 0.10 3 0.30 
12 1.20 5 6.00 
20 5.60 10 56.00 
30 6.28 20 125.60 
40 16.72 30 501.60 
50 17.76 40 701.40 
70 9.68 50 484.00 
100 4.30 70 301.00 
140 2.00 100 200.00 
200 1.44 140 201.60 
270 1.04 200 208.00 
Silt (53-20 mu) 7.48 300 2244.00 
73.60 5029.50 

A.F.A. Fineness No. 3029.50 68.36 


73.60 


ent A.F.A. method of determining 
sand fineness is based on the deter- 
mination of clay by settling and de- 
cantation to remove the particles 
which settle at a rate of less than 
one in. per min., and separation of 
the grains which remain in a nest 
of sieves arranged so that the coars- 
est sieve is at the top of the stack 
The sieves must be of certain sizes 
and must meet rigid specifications. 
The fractions retained on the vari- 
ous sieves are then multiplied by 
factors, as shown in Table 1, to ob- 
tain the A.F.A. fineness number. 
This test in its present form has 
several faults. At the fine end only 
one point is determined, which is 


the 20-micron separation. This is 
not a measurement of size but of 
the percentage of the material 


coarser or finer than 20 microns. 
Material finer than this size is called 
A.F.A. clay, but it could be nearly 
all fine silt composed of fine silica 
particles and actually contain very 
little active clay. 

The directions for making this 
test are not entirely clear on what 





Table 3 
SAND FINENESS—wWITH 
St_tt AND CLAy 


Retained, Multi- 





Sieve per cent plier Product 
6 « @80 3 0.30 
. 1.20 5 6.00 
a 5.60 10 56.00 
30 6.28 20 125.60 
40 16.72 30 501.61 
50 17.76 40 701.4 
70 9.68 50 484.0) 
100 4.30 70 301.0 
140 ks. ee 100 200.0 
I ivccnsaas 1.44 140 201.6 
270° Fest 1.04 206 208.( 
Pan ssooes, SOU 300 =: 10164. 
100.00 12949 
A.F.A. Fineness No. = 12949.50 — 129.5 


100.00 











R. E. Morey anv H. F. Tay tor 
‘< to be included in the silt-clay 
region. Some fineness analyses are 
made including the clay in the com- 
putations, while others are computed 
on the basis of grain material only 
Some include silt but not clay. The 
former method naturally produces 
a much higher fineness number. 

Tables 1 to 3, inclusive, show the 
omputation of the A.F.A. grain 
fineness number in various ways. 

When the A.F.A. fineness number 
is found it gives a general idea of 
the size of the sand if one is fa- 
miliar with the numbers, but they 
have little relation with any actual 
dimensions, and they show very lit- 
tle about the character of the sand. 

The extensive bibliography of 
methods for particle size determina- 
tion indicates the large amount of 
information in this field. Some of 
the more pertinent articles are dis- 
cussed very briefly in the following 
to furnish a background for the 
techniques described later. 

Krumbein*®® describes the history 
and progress of mechanical analysis 
from the decantation methods of 
ancient Greece to modern tech- 
niques. According to Krumbein, 
sieves were first used in 1704. In 

1784 sedimentation was used for 

separation of a sediment into three 

grades, and in 1805 sieving and 

decantation were combined in a 

single technique. Elutriators were 

used in 1839. Stokes’ law was 
formulated in 1851 and was applied 

to mechanical analysis in 1867. 

The use of graphs to represent 
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sediments was started in 1892, as 
well as the use of the centrifuge in 
mechanical analysis. Air analyzers 
were introduced in 1906 and the 
continuous sedimentation balance in 
1912. Methods using a manometer 
were introduced in 1918, the pipette 
method in 1922 and the hydrometer 
in 1927. A bibliography’ of 186 
articles is included as well as 
sketches of some of the early ap- 
paratus. 

Dallavalle'® has collected a large 
amount of material in hi. book, 
Micromeritics. Chapter 3 on “Shape 
and Size Distribution,” Chapter 4 
on “Methods of Particle Size Meas- 
urement,” Chapter 5 on the “Theory 
of Sieving and Grading of Mate- 
rials” and Chapter 6 on “Charac- 
teristics of Packings” are of particu- 
lar interest to the foundryman. This 
is an excellent source of fundamen- 
tal statistical information. 


Sieve Systems 


Investigators, in general, agree on 
measuring the clay sizes first, then 
removing the clay and analyzing the 
grain in a set of sieves. Several sets 
of sieves have been made which are 
satisfactory, the two most widely 
used in this country being the Na- 
tional Bureau of Standards and the 
Tyler systems. 

In these series each sieve varies 
in a definite manner from the next 
in size; that is, the linear dimensions 
along one side of the square open- 
ings multiplied by a constant gives 
the linear dimensions of one side of 


FOR A STEEL MOLDING SAND 


100 10 
IN MICRONS 


Fig. 1—A cumulative curve for a steel molding sand, 
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the opening in the next larger sieve 
Dallavalle*® discusses various sieve 
series in Chapter 5 of his book 
Cumulative curves can be used 
effectively to represent sand size and 
distribution. A cumulative curve is 
simply a graph, usually having parti- 


59, 60 


cle size as the abscissa and per- 
centage of material retained as the 
ordinate. 

Curves Defined 

They are called cumulative curves 
because the sieves are usually placed 
in sets or stacks, and to find the 
percentage coarser than any par- 
ticular sieve the amounts retained 
on the sieve and on all the coarser 
sieves must be added together. This 
distinguishes it from the size ftre- 
quency curve in which only the 
amount retained on each sieve is 
plotted against size. Figure | shows 
a typical cumulative curve. 

Analysis of the finer parts of sedi- 
ments has been made in several 
ways. Trask*® °° used a centrifuge 
Bouyoucos*""* and Casagrande’* 
used hydrometers. Robinson", 
Krauss*® and Jennings** developed 
the pipette method independently. 
Krumbein®*®*', the ASTM!', and 
Jackson**? have discussed the use of 
the pipette. 


Methods Described 

Oden** describes the use of ma- 
nometers and specific gravity bal- 
ances as well as the use of a con- 
tinuous sedimentation balance which 
weighs the sediment as it accumu- 
lates on a submerged pan. Hellman 
and McKelvey” describe an inter- 
esting combination of pipette and 
hydrometer which utilizes the best 
features of each. 

Thoreen™ discusses the hydrom- 
eter method in considerable detail 
with a very clear explanation of the 
underlying principles. The hydrom- 
eter method is based on the fact that 
when a sample of material, such as 
a molding sand, is mixed with water, 
it increases the density of the re- 
sulting suspension. 

When the suspension is allowed 
to stand, the particles settle out ac- 
cording to Stokes’ law and_ the 
density of the suspension gradually 
approaches the density of the sus- 
pending medium. The amount of 
material in suspension at any time 
at the location of the hydrometer 
bulb is found from the hydromcter 
reading and the size is found by 
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Fig. 2—Cumulative curve showing clay determinations made by the hydrometer method. 


using the depth of the bulb and the 
settling time in the Stokes’ law equa- 
tion. The details are discussed later. 

The hydrometer procedure used 
by the Department of Agriculture, 
Bureau of Public Roads, is described 
by Wintermeyer, Willis and Tho- 
reen®*. Willis, Robeson and John- 
son®* describe a graphical method of 
correcting the data, and Barber* de- 
veloped a slide rule for making the 
corrections. 

When many of these articles have 
been carefully read some salient 
facts appear: 

a. The difficulties of the foundry- 
man in the study of sand are no 
different from those of the oil man, 
the road builder or any other user 
of particulate materials sediments. 

b. A great amount of work has 
been done by workers in allied fields 
on the determination of particle 
sizes and their representation. 

c. Methods have been developed 
by them which are faster and pro- 
duce more information than the 
method developed and standardized 
several years ago by the A.F.A. 

d. It would be well to modify 
foundry sand laboratory methods 
for two reasons; first, to save time, 
and second, to get more information 
about our sands and thus lay the 
foundation for more accurate con- 
trol and, therefore, better castings 
at lower cost. 

Experimental Work. In order to 
evaluate the convenience and utility 
of methods cited in the foregoing 
and in the appendix, it was decided 
to try some of the more promising 
methods at the Naval Research 
Laboratory. 

The first method to come under 


scrutiny was the pipette, method de- 
scribed by Jackson**. He used a 
50-gram sample of dried sand which 
is added to a solution made up of 
475 ml. of distilled water and 25 ml. 
of a 3 per cent solution of NaOH. 


This mixture is then dispersed 
with an electric stirrer mounted on 
a mason jar with baffles. The mixing 
period is 5 min. The sample is then 
transferred to a graduate and dis- 
tilled water added to make one liter. 
The graduate is up-ended several 
times to place all the sand and clay 
in suspension, after which it is placed 
on a table and a stop watch started. 

At some time after the beginning 
of the sedimentation period, which 
is determined by the size of separa- 
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tion wanted and the temperature of 
the suspension, a 25-ml. pipette is 
inserted into the liquid to a depth 
of 5 in. and a sample removed and 
placed in a weighed evaporating 
dish. 

The sample is then evaporated to 
dryness and reweighed, the weight 
of dry clay plus NaOH is deter- 
mined by difference and the weight 
of NaOH is subtracted, leaving the 
weight of clay in the pipette sample. 
Multiplying this amount by 80 gives 
the percentage of material finer than 
the size for which the test was made. 

A nomographic chart (Fig. 14) 
from Jackson’s work” is included in 
this report, which allows the settling 
time to be determined readily from 
the temperature and the size of 
separation desired. This method has 
been used successfully for several 
years at the Naval Research Labora- 
tory, but is not entirely satisfactory. 

It requires a sensitive analytical 
balance to weigh the evaporating 
dishes. The evaporating dishes are 
cooled in a desiccator after drying 
and, during weighing, begin to ab- 
sorb moisture from the air, making 
weighing difficult. This can be over- 
come by using covered weighing 
dishes. The ground glass covers are 
closed when the sample is removed 
for weighing, and this eliminates the 
absorption of water and increases 
accuracy. 

This method is time consuming 
and tedious if many determinations 





Fig. 3—Equipment used for sand particle size determination by the hydrometer method. 
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ire required. It has one important 
idvantage over the A.F.A. method 
in that determinations may be made 
at several sizes, thus providing data 
for cumulative curves in the clay 
region. This is important because 
it is due to the material in this re- 
vion (less than 50 microns) that 
sand troubles often develop. 

During the time the pipette 
method was in use, the practice of 
plotting sieve data as cumulative 
curves was adopted, and proved so 
much superior to the histograms 
previously used that they are now 
employed exclusively. A typical plot, 
sometimes called a “weight accumu- 
lation curve,” is shown in Fig. 2. 


Advantages of Method 


Krumbein** has discussed the ad- 
vantages and significance of this 
method. Trask*®® used it in his study 
of sediments in connection with the 
search for oil-bearing deposits. The 
median and quartile values used by 
l'rask, as well as his method of de- 
termining distribution and skewness, 
are of considerable interest and are 
similar to methods described by 
Morey and Taylor*? even though 
their methods were developed with- 
out knowledge of the previous work 
of Trask in the petroleum field. 


Briefly, Trask’s method is to plot 
his data on semi-log graph paper as 
1 cumulative curve using “per cent 
retained” as ordinate and particle 
ize as abscissa. The particle sizes 
t which the curve crosses the 25, 
0 and 75 per cent retained lines 





are then read from the abscissa 
(usually in microns). 

These points are called the first 
quartile, median and third 
quartile. The median size is a very 
useful measure of particle size since 
50 per cent by weight of the grains 
are larger and 50 per cent are smaller 
than this value. Morey and Tay- 
lor*? called this “center grain size.” 

Trask, and Morey and Taylor, 
both used the ratio of the size of 
the first quartile to that at the third 
as a means of representing distribu- 
tion, and Trask went a step further 
in taking the square root of this 
ratio which he calls coefficient of 
sorting: 


size 


is 

So = VO, 
Q, and Q, being the grain size at 
the first and third quartiles, respec- 
tively. This is illustrated in Fig. 7. 
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Trask’s formula for coefficient of 
skewness, SK, is: 


Q, x Q, 
~~ 


This represents the ratio of the slope 
in the second quartile interval to 
that in the third quartile interval 
If Sk is 1, the sand has a normal 
distribution. If Sk is than 1, 
the sand is skewed to the left and 
if greater than 1, the sand is skewed 
to the right. If a sand is skewed 
to the left it means that the mode, 
or maximum concentration of parti- 
cles lies to the left of the median 
or to the coarse side and vice versa. 


Sk 


less 


Trask shows that a skewness co- 
efficient of 0.67 and 1.50 represent 
the same amount of divergence of 
the mode from the median but in 
In order 
avoid any erroneous impression from 
this fact he uses the logarithm of 
the coefficient of skewness. The log 
of 0.67 is minus 0.13 and the log 
of 1.50 is plus 0.18. 


Thus, instead of varying about 
unity the logarithms vary about zero 
negative values indicating skewness 
to the left and positive values to 
the right. Trask’s data* (Table 6 
pp 292-295), show the quartiles Q), 
M and Q*’, the coefficient of sorting 
So, the coefficient of skewness, Sk, 
and log skewness, Log Sk. He classi- 
fied particle size of sediments as 


opposite directions. to 


follows: 


Larger than 1000 microns....gravel 


From 50 to 1000 microns........sand 
From 5 to 50 microns... silt 
From | to 5 microns... clay 


Smaller than | micron 
dies LsssttseeeeeeeeeCOlloidal clay 
This is a very logical nomenclature 
and might prove to be useful for 
foundry terminology. 
From Trask’s data it is possible 


Table 4 
Data Reportep spy Trask In Stupy oF SEDIMENTS 
Sample 143B 174A 207A 270A 338 377 405 467 484 
Q; 115 9.5 13 215 15 225 60 550 28 
M. co 5.8 ae 150 4.8 180 25 190 6.6 
Q; a St 1.6 1.1 62 1.3 80 3.7 48 1.8 
So 4.80 2.44 3.44 1.86 3.30 1.70 4.04 3.38 3.94 
Sk 2.25 0.61 0.47 0.59 0.85 0.56 0.36 0.73 1.12 
Log Sk ......0.35 —0O.22 0.32 —0.23 —0.07 —).26 —0.45 0.14 0.05 
Gravel 4 0 0 11 Trace 0 Trace 11 0 
Sand ....... 28 2 10 68 3 81 29 63 15 
GR st.c5:< 43 48 46 6 45 10 40 9 42 
Ce Ss i ee 35 23 7 34 7 26 15 29 
Colloid .......... 0 15 21 8 18 2 5 2 14 
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Table 5 


STATISTICAL DATA ON STEEL 
FouNprRY SANDS 


Sample A B C D 
Q: 700 293 217 131 
M . 475 242 186 109 
Dy vevicssnss SOO ehO 152 90 
So 1.44 1.18 1.195 1.206 
Sk 1.05 1.05 0.953 0.993 
Log Sk......0.021 0.021 —0.021 —0.007 
Gravel ...... 8 0 0 0 
Send .::.:.....92 300 100 98 
Silt 0 0 0 2 
Clay ... 0 0 0 0 
Colloid 0 0 0 0 





to reconstruct cumulative curves to 
show the texture of his samples. 
Some of these are shown in Figs. 
8 to 10. These curves also serve to 
illustrate the variety of sediments 
as they occur in nature. Trask’s val- 
ues are shown in Table 4. 

Figure 11 shows some of the 
sands used as a base for steel mold- 
ing sand mixtures. Statistical data 
on these sands are shown, in Table 5. 
Comparing these curves with Figs. 
8 to 10 shows at once the outstand- 
ing differences between natural de- 
posits and washed and graded sands. 

While the median size may be 
similar, the distribution, or sorting, 
has been changed considerably in 
the washing and sorting process, 
one sand deposit being sorted into 
four or more grades of sand in addi- 
tion to the gravel and silt, most of 
which is discarded. 

In examining these curves in de- 
tail we note that they cover most of 
the range of sand fineness which is 
commonly used in steel molding 
sand mixtures. The sizes range from 
109 to 475 microns. The coefficients 
of sorting are all below 1.50, which 
indicates that the materials are ex- 
tremely well sorted when compared 
with the normal sediments (Figs. 
8 to 10) which have sorting co- 
efficients as high as 4.80. 

These skewness coefficients range 
from 1.05 to 0.95, which indicates 
relatively little skewness. Visual ex- 
amination shows the curves to be 
symmetrica! with no abnormalities. 

Interesting in connection with the 
discussion of skewness are the sands 
shown in Fig. 12. They are steel 
molding sands which have been 


Fig. 5—Hydrometer calibration curves. 


through a reclamation installation, 
the coarse sand being reclaimed sand 
which is normally rebonded and 
used over and the finer sand is the 
portion normally discarded as fines. 

The similarity, illustrated in Fig. 
13, of the fine sand to Albany sand 
was noted and, to determine if it 
would serve the same purpose, the 
material was bonded with a small 
amount of bentonite and dextrine 
and used to make a brass casting. 
It produced very good results and 
with a little development would 
probably make a good sand for light 
work in any metal except, possibly, 
magnesium. 

The curves themselves show con- 
siderable skewness in opposite di- 
rections. This is the result of a 
fairly efficient “split” or separation 
in the hydraulic separating unit. 
The coarse fraction contains more 
than half of the grain material and 
comprises the “toe” of the curve be- 
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fore the separation was made. It is 
skewed slightly to the right. 

The fine portion is skewed to th: 
left and contains that material which 
formed the shoulder of the cumula- 
tive curve prior to separation. It is 
surprising to note that this material, 
believed to be worthless fines with 
a very large amount of inert clay, 
actually has only 21 per cent silt and 
less than 3 per cent clay. The re- 
maining 76 per cent is good grain 
material. 

After Jackson’s method was used 
for some time to make a 20-micron 
determination, the need was felt for 
more points on the cumulative curve 
in the fine end, so the pipette 
method was used for other sizes as 
well, using the nomographic chart 
in Jackson’s** paper and reproduced 
here as Fig. 14. 

Determinations were usually made 
at 10, 5 and 2 microns. The results 
produced were good but the work 
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Time of Settling versus Particle Size for Distances (L) from 7 tol8 Cm Below the Surface 
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Fig. 6—Chart used to simplify celculations, 

showing relationship between settling time 

and particle size for various distances below 
surface. 


was very tedious and time consum- 
ing if many points were to be de- 
termined. To simplify testing, several 
hydrometers were obtained and tried 
for the determination of clay. 

It soon became apparent that a 
hydrometer for this purpose would 
have to be very sensitive. A Bouyou- 
cos hydrometer was obtained and 
his method*-"* was tried. His direc- 
tions include determinations at 50, 
5 and 2 microns. The agreement 
with the pipette method at 50 and 5 
microns was good, but at 2 microns 
results did not check. It was then 
decided to investigate some of the 
more precise methods. 

The method of the Bureau of 
Public Roads®**°** was tried and 
found to give very rapid results. The 
equipment used in this method is 
shown in Fig. 3. Considerable care 
is needed in maintaining constant 
temperatures. 

When the hydrometer is placed 
in the suspension it does not always 
float at the same height. As the 
particles settle toward the bottom, 
the remaining suspension becomes 
less dense and the hydrometer set- 


*# 667800 ze 30 40 SB 60 1 Gebeiee 


+ 





Time in Minutes 


tles deeper. This causes a difference 
in the depth of settling which is used 
in the calculations. This considera- 
tion is discussed in detail later. 
Briefly, the technique for using 
this method is as follows: 50 grams 
of dry sand is weighed and trans- 
ferred to an electric stirrer. Five 
hundred ml. of distilled water and 
5 ml. of normal sodium (meta) 
silicate solution is added. This is 
stirred for 5 min. and transferred 
to a one-liter cylindrical graduate. 
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To facilitate transfer, a_ bottle 
filled with distilled water is used 
having a connection to the com- 
pressed air line, a vent, and a jet. 
When the bottle is picked up, plac- 
ing one finger over the vent causes 
air pressure to build up inside and a 
long thin stream of water to flow 
from the jet which quickly washes 
all material from the stirring cup 


Fig. 7—Trask's method™ for particle size dis- 
tribution determination. 


TRASK’S METHOD 


COEFFICIENT OF SORTING = -L- 







COEFFICIENT OF SKEWNESS f-9 


$0=/240 = 1.16 
Sk = amsye = .942 







LOG Sk -.026 






i 

















72 


to the graduate. Distilled water is 
then added to make one liter. 

The graduate is placed in a con- 
stant temperature tank (desirable 
but not essential) at 67° F. When 
it is at temperature, the graduate is 
removed and up-ended until all 
material is in suspension and well 
mixed. It is then returned to the 
constant temperature bath and a 
stop watch is started. Up to this 
point the method is very similar to 
Jackson’s except that a different 
deflocculant is used. 

When the cylinder has been re- 
turned to the tank and the timer 
started, the hydrometer is inserted 
and the first reading taken as soon 
as it comes to rest. The hydrometer 
is read at the top of the meniscus 
because the suspension is not trans- 
parent, but the error introduced is 
slight and is roughly balanced by the 
effect of the sodium silicate used as 
a deflocculant. Usually the first read- 
ing can be made within 30 sec. 

Successive readings are then taken 
at intervals to give the number of 
determinations desired. The hy- 
drometer readings and correspond- 
ing settling times are then used to 
determine percentages®® and size in 
two separate steps by means of the 
following formulas: 

(R plus AR) a X 100 
WwW 





P 


where 
P = Percentage of original- 
ly dispersed sample re- 
maining in suspension. 
R= Hydrometer reading. 
W = Weight of sample. 
R Correction of hydrom- 
eter reading for varia- 
tion in temperature 
from 67° F. 
a = Correction coefficient 
for variation in specific 
gravity from 2.65. 
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where 

d = Maximum grain diam- 
eter in millimeters in 
suspension at any given 
time after dispersion. 

n = Coefficient of viscosity 
of the suspending medi- 
um, in poises. 

L= Average distance in 
centimeters through 
which particles settle 
in a given time period. 


RETAINED 


CUMULATIVE PERCENT 


. 8—Cumulative curves reconstructed from Trask's data®’ showing 
(see Figs. 9 and 10). 
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ig. 9—Reconstructed cumulative curves of other samples from Trask's data (see Figs. 8, 10). 
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Fig. 10—Curves reconstructed from Trask'’s data (see Figs. 8 and 9). 
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Fig. |!—Distribution curves for washed and graded sands. Comparison with Figs. 8, 9 and 
10 shows outstanding differences from natural deposits. 
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Fig. 12—Curves for steel molding sands from reclamation installation. 
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Fig. 13—Curves showing similarity between reclaimed fines (Fig. 12) and Albany sand. 


Period of sedimentation 
in minutes. 

Specific gravity of par- 
ticles. 

Specific gravity of the 
suspending medium. 

If a constant temperature tank at 
67° F. is used AR may be omitted, 
and if the specific gravity is near 
2.65, as in the case of most of the 
sands used for molding, “a” may be 
omitted. W is usually 50 so the 
first formula reduces to P = 2 R, 
that is, the reading of the Bouyoucos 
hydrometer is multiplied by two. 

In the second formula, if T is 
held at 67° F., n is 0.0102 poise, G 
is 2.65 and G, is 0.99841. The for- 
mula, therefore, reduces to: 


~ 30X0.0102xXL 
V 980 (2.65 — 0.99841) T 
Win. 2: 
T 
If d is desired in microns instead 
of millimeters, 


a = 





198k 
. fers ae 

L must be determined for each 
hydrometer. When employing a 
Bouyoucos hydrometer Thoreen™ 
uses 0.42 of the immersed depth, 
and for the specific gravity type 
hydrometer a value equal to the 
depth from the free surface to the 
center of the submerged volume. It 
is believed that the latter method 
is better in either case. 


= 


Hydrometer Method Procedure 

This distance may be found by 
filling a cylindrical graduate partly 
full of water, reading the volume, 
inserting the hydrometer to some 
particular hydrometer value, read- 
ing the volume on the graduate 
again, and then withdrawing the 
hydrometer until the water level on 
the graduate goes halfway down to 
the first reading. Hold the hydrom- 
eter at this position and measure the 
distance in cm. from the water sur- 
face to the particular hydrometer 
reading which was selected. 

This distance is the L correspond- 
ing to that reading. If three or four 
such points are determined for each 
hydrometer a curve may be drawn, 
giving L as a function of the read- 
ing. Figure 5 shows this relation 
for two of the hydrometers used at 
the Naval Research Laboratory. 

In order to simplify calculations 
a chart was made to show the re- 
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Fig. !4—Nomographic chart from Jack- 
son's” method used to show temperatures, 
settling time, and particle size relationship. 


lationship between 7, L and d. It is 
shown as Fig. 6 and is derived from 
Stokes’ law®*. 

By using the two charts the hy- 
drometer method becomes very sim- 
ple, consisting of the following steps: 

a. Reading the hydrometer and 
the corresponding settling time. 

b. Determining L from the curve 
for the hydrometer used (Fig. 5). 

c. Using the settling time and L, 
determining the size in microns from 
the chart (Fig. 6). 

d. Determining the percentage of 
material finer than the size in mi- 
crons by multiplying the hydrometer 
reading by two. 

e. When several points have been 
determined, the clay is siphoned off, 
the sample dried, and sieved in the 
usual way. The sample can_ be 
siphoned to a depth of 12 in. after 
settling 4 min. This is repeated until 
the suspension is clear after 4 min. 
The water is decanted, the grain 
dried, and sieved in the usual way. 

f. A cumulative curve of the 
sieve data is plotted using the hy- 
drometer determinations in the silt- 
clay range to complete the curve. If 
cumulative percentages retained are 
used, each hydrometer percentage 
must be subtracted from 100 to put 
them on the same basis. 


A hydrometer of the type used 
by Hellman and McKelvey** was 
made and tried. It has the advan- 
tage that the sample may be with- 
drawn from any desired depth. 
L, therefore, is predetermined in- 
stead of variable. The density of 
the sample in the pipette is ap- 
proximately constant, so any error 
which might be caused by variation 
in the density of the suspension from 
top to bottom of the hydrometer is 
eliminated. 

If temperature variations are cor- 
rected, this makes a simple tool for 
rapid routine clay determinations, 
but from the tests conducted to date 
the regular Bouyoucos hydrometer 
and the technique described previ- 
ously gives more consistent results. 

Since the cumulative curve meth- 
od, in conjunction with hydrometer 
analysis, has been in use at the 
Naval Research Laboratory, several 
varied uses have been made of it 
which are indicative of the many 
further applications which can be 
found as familiarity with the method 
develops. Some of the uses made to 
date are: 

a. To give essential information 
on sands, particularly in the silt-clay 
region where mysterious troubles 
sometimes develop. Such troubles 
as are attributable to particle size 
can be immediately determined. 
More often than not such is the 
case if fairly standard brands of raw 
materials are used. 

b. For specifying sands, silica 
flours, clays, blast grit, grinding com- 
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pounds, and similar raw materials. 
This application has been limited 
because of the inability of the sup- 
plier to provide complete analyses. 
However, many times it has been 
possible to describe requirements in 
terms of materials previously sup- 
plied and to indicate use of longer 
or shorter grinding times or different 
sieve sizes, to obtain useful results. 
Acceptance of this method as stand- 
ard practice for particular materials 
would simplify specifications. 

c. Various grades of silica flour 
which perform differently in prac- 
tice, have been checked, reasons for 
their differences readily disclosed, 
and correction made. 

d. Many commercial products 
marketed as highly specialized ma- 
terials have given up their secrets 
when examined by this method. 

e. One of the latest applications 
has been in the study of the pow- 
dered refractory materials used for 
investment casting. It has been pos- 
sible to synthesize mixtures, thereby 
reducing cost and eliminating pur- 
chase of seemingly strategic ma- 
terials. 

f. Figure 15 shows an interesting 
application in the study of removal 
of fines from a molding sand. It 
was necessary to test a machine for 
its ability to remove such fines and 
it was not possible to collect the 
material which was removed. Silica 
flour (Curve B) was added to heap 
sand {Curve A) to produce a mix- 
ture high in fines (Curve C). Curves 
D and E show the progressive re- 
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Fig. 1S—Use of cumulative curves in test of machine for ability to remove molding sand fines. 
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val of the fines with operating 
e. This is about the only tech- 
yue which would accurately indi- 
the changing sand texture. 


Conclusions 
[he use of cumulative curves at 
Naval Research Laboratory tor 
ustrating the particle size and dis- 

‘bution of foundry sands and clays 

; proved definitely superior to the 
\ F.A. grain fineness number ordi- 

irily used for this purpose. 

Sieve data for the coarser sand 
rains and the result of hydrometer 

alysis of the finer clay and silt 

used in a single curve to give 
comprehensive description of the 
aterial. This technique has proved 
articularly useful for specifying, 
ontrolling, and understanding 
foundry sands, clays, ladle refrac- 
tories, silica flour and precision cast- 
ng investments. 

It is believed that the present 
standard A.F.A. grain fineness_meth- 
od does not give sufficient informa- 
tion about sands, and that it should 
be replaced by the methods de- 
scribed in this report. This would 
yermit accurate control ol 
molding sand mixtures, simplify the 
election and specification of mold- 
ing sands and similar foundry raw 

aterials, and permit the inter- 
change of information on a more 
.ccurate and scientific basis. 

It is recommended that considera- 
tion be given the possibility of de- 
veloping specifications for toundry 
sands and other particulate mate- 
rials on the basis of cumulative 
curves determined in the described 
manner, or in some equally accurate 
manner. 

rhere is great need for the de- 
velopment of more precise informa- 
tion concerning clays as this is defi- 
nitely the missing link in sand speci- 
fication and control. While the 
hydrometer method gives a concise 
picture of particle size, more must 
be known about the nature of clays 
before their behavior in the foundry 
an be understood or improved ma- 
terially. 


more 
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tion on magnesium casting 
alloys, a particular purpose 

f this paper is to assist the founder, 

anufacturer, and design engineer 
n the problem of choosing the alloy 
nost favorable for their particular 
pplication. In order to distinguish 
.s much as possible between what is 
factual and what is subject to opin- 
ion, the paper is divided into two 
parts. 

Part I presents pertinent technical 
data. In Part II the authors attempt 
to weigh these facts and to draw 
from them some practical working 
conclusions. Table 2 presents the 
nominal compositions of the alloys 
which will be covered, together with 
the designations commonly used in 
the United States and abroad. A 
brief historical sketch will serve to 
provide some perspective for the 
matters under discussion. 


Prior to 1920, the casting alloy 
compositions used in Germany con- 
tained magnesium and zinc. Later, 
the AZG composition (Mg-6AI-3Zn- 
Mn) which corresponds to alloy 
“H”* was introduced and is still 
used’. For many years the German 
magnesium industry has also listed 
alloys of magnesium-aluminum-man- 
ganese-zinc, with aluminum in the 
range of 8-11 per cent and zinc up 
to a maximum of about 0.6 per cent. 


B ESIDES providing informa- 


The British magnesium industry 
makes use of these high aluminum- 
low zinc type alloys but has not 
looked with favor on the aluminum 
containing alloys with higher zinc 
content. The development in 
England has been summarized by 
Goddard?, and discussions of British 
practice reviewed by Fox and God- 
dard*®. 

In the United States at about 1920 
the first casting alloys of importance 
were the magnesium-aluminum com- 
positions, particularly Mg-8Al-Mn 
(0.0Zn). This casting alloy (“A”) 
was used extensively until about 
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1937. The Mg-10Al-Mn alloy 
(“G”) also came into considerable 
use about 1930. 

These two casting alloys repre- 
sented the entire usage in this 
country until about 1935. At this 
time the interest of the Armed Serv- 
ices of the United States in increased 
corrosion resistance of magnesium 
alloys in salt atmospheres led to the 
adoption of the high Zn containing 
alloy Mg-6Al-3Zn-Mn (“H”). 

Since “H” alloy did not offer the 
hardness, yield strength, pressure 
tightness and (in permanent mold 
applications) the castability compar- 
able to the Mg-10Al-Mn alloy, 
there was a need for a new composi- 
tion, with corrosion resistance com- 
parable to“H” alloy, but having the 
previously mentioned properties. 

This was provided about 1939 in 
the adoption of Mg-9Al-Mn-2Zn 
alloy (“C”), which was developed 
in this country** and apparently is 
not commercially used abroad. 
These two alloys have been used al- 
most exclusively in the past few 
years for the production of mag- 
nesium castings in this country. 

Due to the well-recognized tend- 
ency of “H” alloy to show micro- 





failures are of fat 
design allowances 





* Relative usage in various countries from which information is 
available shows that the different magnesium-base alloys are 
being used for the same types of application. Within the range 
of composition of the alloys used and the present development 
of design and construction, the factors o 
importance than metallurgical factors. The majority of service 

origin, occurring because of inadequate 
r stress concentrations in the part. 


design are of more 








porosity and to the fact that “C” 
alloy, while much more sound, is 
still appreciably less sound than the 
original ternary Mg-Al-Mn or Mg- 
Al-Mn low Zn type alloys, there has 
been renewed interest in the utiliza- 
tion of the latter alloys for making 
pressure tight or highly stressed cast- 
ings. 

Table 1 has been prepared to 
illustrate relative practice in the 
United States, Great Britain, and 
Germany. Little is known concern- 
ing Japanese or Russian practice. 
The data in each case represent the 
approximate percentage use of each 
alloy in aircraft application. The 
German usage is deduced from ex- 
amination of several captured Ger- 
man planes*’**, 

It is of interest that the German 
usage of AZG is to the extent of 
25-30 per cent of their total cast- 
ing requirements and always is in 
the as cast or as cast and annealed 
state. In contrast, the British do 
not use this alloy at all, while in 
the United States 75 per cent of the 
total production is in “H” alloy, 
although usually in the solution heat 
treated condition. 

For engine parts subject to high 
stress, the Germans use the A9V 
(9Al-0.7Zn-Mn, solution heat 
treated) alloy, whereas UU. S. prac- 
tice is to use the heat treated and 
aged “C” or “H” alloy. 

The fact that these different mag- 
nesium base casting compositions 
are being used for the same types 
of applicauon m various countries 


*Denotes the Dow Chemical Co. alloy 
lettering system. 

**This is a development of American 
Magnesium Corp. 
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and each of them successfully, brings 
up an important consideration 
which should be kept in mind in 
comparing these different alloys, 
namely, that metallurgical factors 
are far less important than design 
factors in determining the service- 
ability of a part, at least within the 
range of compositions under discus- 
sion and with the present state of 
development of light alloy casting 
design and construction. 

The great majority of any cases 
of service failures have been of 
fatigue origin, and most of these 
fatigue failures have been the result 
of inadequate allowance in design 
for stress concentrations, brought 
about by the nature of the service 
function of the part, or more com- 
monly such things as fillets, flanges, 
ribs, bolt holes and the like. 

Failures are commonly noted to 
occur at these points in sound metal 
even though porosity may exist at 
other points in the part, often close 
to the point of failure. Similarly 
spot faces, undercuts, and marks and 


grooves due to poor machining 


The significance of the foregoing 
remarks is that in most cases service- 
ability is more likely to be deter- 
mined by design and finish than by 
metallurgical factors, among which 
come soundness, alloy composition 
and condition. Thus, while the prac- 
tical problem exists of choosing 
which alloy to use, its importance 
for serviceability should not be over- 
emphasized. 


Part I—Technical Data 


The factual data are presented in 
three tables. Table 2 gives the 
properties as determined from 
standard test bars and various lab- 
oratory controlled experiments. 
Table 3 shows the properties ob- 
tained from bars cut from actual 
production castings. Rather than 
to test bars cut from castings it 
would be more conclusive to study 
field service comparisons of complete 
parts made from. the various alloys. 
However, at the present time such 
comparisons are not available. 

Table 4 lists “Foundry Character- 
istics.” It will be recognized that 























cause many failures in castings. some of these items, such as weld- 
Table 1 
RELATIVE MAGNESIUM PRACTICE 
United States Great Britain* Germany* 
6Al-3Zn-Mn eee a AZG 
Percentage of 
Production 75 30 
eh et | en Lightly Stressed 
Engine Castings 
HT ese sO SR Ce el eee 
_HTA ___Engine Parts ue 
9Al-2Zn-Mn C; AM-260 
Percentage of 
Production 24 
HTA Engine Parts 
8Al-Mn (0.4 Zn) A A8 A8 
Percentage of 
eee 85 45 
ACS Miscellaneous small Parts 
HT Wheels, Engine Parts Wheels, Highly 
Stressed Engine 
Parts 
9Al-Zn-Mn R; AM-263 A9 A9 
Percentage of 
Production (Die Castings) 15 20 
HT Pressure Tight Applications Engine Parts 
10Al-Mn G A-10 A-10 
Percentage of 
Production eee: Bae eee 
HTA Engine Parts (Perm. Mold) 
ee ae ee AZ31 
Percentage of 
Production 5 
AC Pressure Tight 
Applications 


“Approximate proportional usage. 





MacNeEsiuM CasTING ALLOoy 


ability, are necessarily qualitative 
For the most part, the data ir 
Table 4 came from observations of 
foundry behavior of casting alloys 
as handled on a commercial scale. 


Composition and Properties 
(Explanatory Notes to Table 2) 
Density and Electrical Conduc- 

tivity. The density and some of the 
conductivity data are from the 
1944 “Dowmetal Data Book®.” The 


remaining conductivity data are 
from other sources*” *°, 
Growth. Age hardenable mag- 


nesium alloys have the characteris- 
tic of occupying the least volume 
when in a single-phase condition 
Conversely, they expand in direct 
proportion to the precipitation of a 
second phase and, hence, occupy 
maximum volume when fully pre- 
cipitated. This phenomenon of in- 
crease in volume is known as growth 
The figures presented here repre- 
sent the ultimate amount of unit 
dimensional growth that may occur 
on a given alloy and state due to 
further holding at elevated temper- 
ature (over 150° F.). The values 
given for the heat treated state, 
therefore, represent the maximum 
amount of growth that can be shown 
for that alloy composition. 
The data given for “G” alloy are 
from Talbot and Norton’. The 
data were obtained for each condi- 
tion by measuring the total increase 
in length of a 6-in. bar to the near- 
est 0.001 in. during an anneal at 
350° F. The 350° F. anneal was 
continued until no further length 
changes occurred. This temperature 
was chosen as a_ standard for 
growth measurement since a maxi- 
mum amount of aging in a rela- 
tively short time is obtained at that 
temperature. 
Measurements at higher tempera- 
tures yield lower growth values 
since not as much precipitation oc- 
curs, while at lower temperatures 
essentially the same growth values 
are obtained, but very long periods 
of time may be required. Even 
magnesium alloys which have not 
been stabilized do not show any ap 
preciable growth over a period o! 
years at temperatures less than abou: 
150° F. 
In fabrication and use, growt! 





This paper was secured as part of th 
1945 “Year-’Round Foundry Congress 
and is sponsored by the Aluminum ar 
Magnesium Division of A.F.A. 
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He ap hy 


ay be of consequence if solution 
eat treated parts are used and are 
permitted to get hot for prolonged 
eriods during machining, paint 
aking, or service. Extremely long 
arts that must be joined in as- 
sembly, or accurate instrument parts 
should be used in the de-growthed 
aged or stabilized) states unless al- 
ways used at temperatures less 
than 150° F. 

Growth phenomena are not pe- 
culiar to magnesium alloys, and, as 
1 matter of fact, age hardenable 
aluminum base and zinc base cast- 
ing alloys show as much or more 
growth. 

Corrosion. The first values given 
here are typical corrosion rates as 
determined by alternate immersion 
tests in 3 per cent NaCl solution. 
These values are somewhat a meas- 
ure of corrosion in salt atmos- 
pheres, but they do not represent 
the relative corrosion rates of the 
various alloys in normal exterior ex- 
posure. 

Figure | presents data indicating 
the effect of zinc on the corrosion 
behavior of commercial purity al- 
loys. It will be observed that in 
general the corrosion rates of the 
German alloys, as shown by the 
crosses and circles, check fairly well 
with the American experience, as 
shown by the solid line. 


The second two values, given for 
“H” and “A” alloys only, represent 
the corrosion behavior in two types 
of atmosphere. The first is a severe 
marine exposure, the second a severe 
industrial exposure. For the atmos- 
pheric tests the corrosion is ex- 
pressed in terms of the percentage 
loss in tensile strength after ex- 
posure. 


The effect of high zinc is of con- 
sequence only on commercial purity 
alloys*. Zinc exerts a specific effect 
to inhibit the bad corrosion effect of 
impurities such as iron, copper and 
nickel. If iron is held to a maxi- 
mum of 0.002 per cent, nickel to 
0.001 per cent and copper to 0.05 
per cent, all of the compositions 
will show salt water corrosion rates 
of less than 0.2 mg/cm*/day, and, 
in fact, the low-zinc alloys will be 
slightly better. 

Tensile Data. Properties are 
given at both room temperature and 
300° F., the latter being selected as 
representative of the upper temper- 
ature range in which magnesium 


D. Hanawatt, C. E. Netson anp R. S. Busk 








castings are normally used. Notched 
bar data were determined with a 
cylindrical notch having a radius 
and depth equal to one-tenth the 
root diameter. 

This notch has a stress concentra- 
tion factor of 2.4 in tension. Com- 
pression yield strengths are not 
given, since they are approximately 
the same as tensile yield strength 
data for magnesium alloy castings. 
The results are averages of from sev- 
eral hundred to several thousand 
test bars in each case. 

Fatigue. These values were ob- 
tained by the R. R. Moore rotating 
beam method using sound, polished, 
separately cast test bars. Notched 
data in this case were obtained on 
similar bars machined to 0.300 in. 
and with a cylindrical notch having 
a radius and depth equal to one- 
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tenth the root diameter. The stress 
concentration factor of this notch 
is 2.0 in bending. 

In order to present a better pic- 
ture of the fatigue strength, data 
are given at both 10° and 10® cycles. 
The values are the averages of a 
reasonably large number of tests. 
The figures are probably significant 
to plus or minus 1,000 psi. at fatigue 
strengths of 10,000 psi. or over, and 
to plus or minus 500 psi. at values 
under 10,000 psi. Here it will be 
noted that 275° F. was chosen for 
the elevated temperature data. 

Plain Charpy Impact, Shear 
Strength, and Brinell Hardness. 
The shear strength and Brinell hard- 
ness are from the 1944 “Dowmetal 
Data Book®.” The Charpy tests 
were run on bars conforming to 
standard dimensions, with the ex- 
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90 = 
CORROSION RATE OF Mg-Al-Mn WITH 
010% (CONTROLLED) IRON AS FUNCTION 
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Fig. 1—Corrosion rate vs. zinc content in magnesium alloys. Comparison of German 
and Americen alloys. 
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ception of slightly rounded edges. 
These were present because the 
specimens were machined from 0.5 
in. diameter cylinders. The values 
given are therefore slightly lower 
than would normally be obtained, 
but the relative relationships are not 


changed. 


Properties from Production Castings 
(Explanatory Notes to Table 3) 
Although a large amount of in- 

formation of a qualitative nature 

was available as a result of sporadic 
attempts to compare alloy composi- 
tions, this did not seem adequate for 

a semi-quantitative study of the 

relative behavior of these alloys for 

the production of commercjal cast- 
ings. 

In view of this situation, a defin- 
ite program was followed in the pro- 
duction foundry to evaluate three 
different types of alloy composition 
in the sand foundry and four differ- 





was better than the “H” alloy. The 
castings were then tested as heat 
treated in the case of the wheel, and 
both as heat treated and as heat 
treated and aged in the case of the 
pan. 

Test pieces were taken from each 
of the alloys and tested for cor- 
rosion in 3 per cent NaCl solution. 
These data are shown on Table 3. 
Three castings from each alloy and 
each part were cut in such a way 
as to get the largest possible num- 
ber of test coupons from the casting. 
These were given the standard ten- 
sile tests, the average results of 
which are given in Table 3. 

The values shown under the head- 
ing “Minimum” represent a value 
of each property which would be 
exceeded by 95 per cent of all the 
individual bars cut from the two 
different types of production cast- 
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ings. This is given as a measure of 
the dependability, or the probabil- 
ity of getting a certain level of 
properties in the actual castings. 

Casting no. 3 (Fig. 2D) was 
handled in substantially the same 
manner as the preceding two cast- 
ings, but with the inclusion of R. R. 
Moore fatigue tests on 20 bars cut 
from various locations. 

Another type of casting was made 
in the experimental foundry (Fig. 
2E), with the advantage that it 
could be cut to give a good survey 
of the effect of casting shape on 
tensile properties; that is to say, bars 
could be cut in such a way as to 
represent four different design sit- 
uations which might be typical of 
those found in production castings 
as follows: 

1. A heavily chilled area. 


2. A section where two walls in- 
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ent types of alloy composition in the 
permanent mold foundry. We shall Table 
first discuss the sand foundry tests. a he beac 
For this purpose “H” alloy, rep- 
resenting the ductile, high zinc, low ALLoy DESIGNATIONS 
; : . “Or TES eee, See oe — on — “H” 
aluminum type; “C” alloy, repre- Ratt caterer a AM-260, ASTM No. 17 AM-265, ASTM No.4, (MEL) AZG iM. 
senting the high strength, pressure aaah a OP, eee, 
. ° ce... FR QGHBGREBOM. we cere ceenrneebaseces AW ft é d { 
tight type; and a third composition, Dorvienas 
Mg-9AI-0.2Mn-0.0Zn, _ representing Elec. Cond., mho-cm*X10* — 7.1 5.5 7.2 8.1 6.7 8.0 
the ductile, low zinc, high aluminum Density gms/cc 1.82 1.83 7 
type, were chosen Growth (Unit) X 10" 34 1.7 7.6 21 29 26 1.2 54 2.7 22 4 
sa : Corrosion oF BarE METAL 
Metal and Pouring Conditions 3 per cent NaCl ° 4 10 6 1.5 : 2 
Tee : - 4 Coastal Atmosphere ° 12 22.5 
['wo commercial patterns were Kadustiied Atsanaphese’ 3 5 ; 
selec ted for the test; one being an Teen a* Pens 
aircraft engine oil pan casting (Fig. Room Temperature . 
2B) of large area and relatively thin Tensile Strength (plain) 24.0 25.0 40.0 40.0 40.0 30.0 30.0 me “e =e 25.( 
sections. the other an aircraft wheel se Strength (plain) 14.0 14.0 16.0 20.0 23.0 14.0 14.0 14. 0 19.0 14.( 
b . " oa ongation (plain), per cent : E 
casting (Fig. 2C) containing thin in 2 in. 2.0 2.0 10.0 3.0 20 6.0 5.0 12.0 7.0 5. £1 
and also relatively heavy sections Tensile Strength (notched) 22.5 34.5 37.0 27.0 27.5 37.5 37.5 35.5 24.( 
onl sigue see ae ae Tensile Strength (plain) 26.0 24.0 31.0 28.0 28.0 27.0 26.0 29.0 27.0 24.0 
*y° . . , ensue rengtn ( plain <0. ° . ° ° ‘. ° ° . 4 
tility is important. Yield Strength (plain) 15.0 13.0 17.0 17.0 18.0 13.0 13.0 12.0 14.0 15.0 
These castings are si Flongation (plain), per cent : 
Pi pliers. ase ste in2in. — 9.0 4.0 30.0 38.0 38.0 25.0 14.0 15.0 15.0 15.0 
Cc « Vy. = a 
parison, ten castings of each part Fanioue* (R. R. Moore) 
7 ; Room Temperature 
were made in each of the three 10° Cycle (plain) 16 16 18 17 #18 12 18 #17 «18 1 
compositions. The melting, refin- 10° Cycle (plain) is 33 26: 8 Oe MS. ces ee 15 
: eati d : 10° Cycle (notched ) 10 ae: ee Oe ee et oe 
SO ee ee 10° Cycle (notched ) 8 ad eS ee ee ek 
temperatures were all held constant, 275° F. 
and all foundry details were main- 10* Cycle (plain) 5 9 12 is u i 12 
i > ; ; * 10° Cycle (plain) 9 8 ¢ 
tained under as nearly identical con 10° Gyele (hotched) . @ g 9 7 7 
ditions as possible. ' 10° Cycle (notched) 5 4 e-% 6 5 
The castings were then radio- Ornzr Propertizs* 
graphed quite thoroughly. These Plain Charpy Impact, ft. Ib. 2.3 16.5 % 4 +B : dF 
, , i Shear Strength 18.0 20.0 21.0 18. i 0 
two types of contings ens suteuen to Ultimate Comp. Strength 55.0 60.0 70.0 45.0 46.0 50.0 
as nos. 1 and 2 on Table 3, and a Brinell Hardness 65 63 75 84 50 55 59 52 
qualitative radiographic rating va *Primarily the data refer to sand and permanent mold castings. ‘A 
there noted. The low zinc type 1 MEL A-9 may contain 0.6 per cent max. Zn. *14 
. : 2 MEL A-8 may contain 0.4 per cent max. Zn. Ex 
alloy was better radiographically * Maximum. 
than the “C” alloy, which in turn 
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sect to form a cross. 
; } A gate area. 
; A relatively 





thin 


area 


uld be difficult to feed. 


H Test Coupons 


Chis 


Ww hich 


casting also permitted the 


itting of test coupons which would 
This casting 


tested in fatigue. 


e shown in Table 3. 


ions as follows: 


y chilled area. 
U/nsound position 





gestae ee i 
Se 2 ca RA i RNB E BC alee li ie sic BE 


designated as no. 4, and the aver- 
ve tensile and fatigue properties 


In the case 


was 


the fatigue data (R. R. Moore), 
he values were obtained on polished 
urs cut from three selected posi- 


Sound position was from a heav- 


from a 
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machined with the reduced section 
of the fatigue bar including the 
metal originally at the point of cast- 
ing wall intersection. 


For the evaluation of alloy com- 


positions in the permanent mold 
foundry three patterns (Fig. 2F) 
were selected. In each of these, four 
compositions, “C”, “H”, “R”, and 
“G” alloys were tested. Average 
tensile data on test bars cut from 
these castings (casting nos. 5, 6, 
and 7) are as shown in Table 3 


Foundry Characteristics 
(Explanatory Notes to Table 4) 
Freezing Range. This represents 

the range encountered in production 
castings between the liquidus tem- 














orous area adjacent to the gate. perature and the temperature at 
Intersecting Wall position was se- which the final liquid solidifies. ‘Two 
ected in moderately sound metal, figures are given for each case. 
but so chosen that the bar was The first one is the difference be- 
_§ 
able é 9 
OF M®Macnestum ALLoys—CastTIncs* 
eae ‘ emia ns ome ce —, 
AZG {M-263, ASTM No.13, MEL A-9! AM-240, ASTM No MEL A-8* 
: 0 Al—O.15 Mn—0.7 Zn 10.0 Al—0.13 Mn—0.3 zn 8.0 Al—-0.3 Mn—0.3 Zn* 
A a { ACS HT HTS HTA AC HT HTA AC HT HTA 
0 6.0 7.6 6.7 5.5 7.2 7.6 6.7 7.2 
81 1.81 1.80 
< a 7.7 2.6 3.6 21.0 10.0 
24 20 50 30 17 25 
22 45 
2 5 7 
0 5.0 25.0 40.0 40.0 24.0 39.0 39.0 30.0 39.0 39.0 
0 ) 14.0 14.0 18.0 21.0 16.0 14.0 20.0 12.0 11.0 16.0 
u +.0 3.0 12.0 4.5 4.5 1.0 10.0 2.0 5.0 13.0 7.0 
J +0 22.0 35.5 36.5 36.0 
25.0 27.0 27.0 28.0 27.0 
U 13.0 15.0 14.0 14.0 10.0 
7.0 30.0 40.0 30.0 26.0 
6 Ww 8 8% 18 16 
12 15 12 10 12 14 11 
10 12 10 10 10 12 11 
6 9 7 7 7 8 9 
11 11 
9 10 7 
7 7 6 
4 5 4 
32.4 4.2 2.6 17.2 4.6 3.8 37.2 14.7 
| 17.0 19.0 21.0 
48.0 50.0 54.0 
59 53 64 66 54 52 69 52 50 56 
‘ All stress values in units of 1,000 p: 
t-day test by alternate immersion Prose F.). ao as loss in weight—mg/cm 2/day 
osed 4 yr. in racks 80 ft. from ocean surf wma as per cent loss in tensile strength 
osed 4 yr. in racks at Midland, Mich. Expressed as per cent loss in tensile strength. 
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tween the liquidus and the solidus 
the This 


range to be expected under 


temperature for alloy" 
is the 
equilibrium conditions and _ repre- 


sents a minimum for freezing 
condition. 

The second figure 
first determining the 
of the lowest melting constituent in 
a sand this 
temperature as a “non-equilibrium 
solidus,” then the 
freezing range as the difference be- 
this temperature the 
This latter the 
one most closely approached in all 


practical casting operations 


any 


is obtained by 
melting point 


casting, considering 


and expressing 


tween and 


liquidus. range is 
] 


Fluidity. These are data ob- 
tained with the standard A.F.A 
fluidity spiral of trapezoidal cross 
section when cast at 1400° F. The 
reproducibility is about + | in. 

Castability. This is the general 


ability to fill a mold and give ade- 
shape and 
casting de- 
data given were based 


quate reproduction of 
detail without excessive 
fects. The 
on the production castings listed 
Table 3. 

Pattern Shrinkage 
age is defined as the linear change 
in inches casting 
cools from the molten state at the 
pouring temperature to room tem- 


Pattern shrink- 


per foot as the 


perature. It is the same for all com- 
positions and equal to about 5/32 
in. per ft. This figure can vary 


within rather wide 
ing upon restraint conditions pres- 
ent. 

Melting Loss. These data 
obtained on a continuous melting, 
alloying, and casting cycle, wherein 
about 50,000 Ib. of each alloy were 
accurately weighed in and out. The 
melting loss represents one cycle of 
melting, alloying, and pouring. The 
data were obtained on “C”, “H”, 
and “G” alloys, and the 
given for “R” and “A” alloys were 
estimated by consideration of their 
similarity in composition and known 
behavior. 

It should be appreciated that 
these are indications of the relative 
melting losses under one particular 
set of melting conditions, and the 
absolute values may be considerably 
lower under more favorable condi- 
tions. 

Porosity Tendency. Here the al- 
loys are rated on the basis of the 
relative amounts of radiographic 
porosity in a standard porosity test 
panel (Fig. 2A). Zero (0) is least 


limits, depend- 


were 


values 
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porosity. This porosity panel has 
been described by Busk, Marande, 
and Newhams", and is a flat, rec- 
tangular panel attached to a tension 
test bar mold. 

It is so gated that it will show a 
small amount of porosity even in 
the soundest alloy compositions. It 
will be appreciated that this is a 
drastic test, and alloys that would 
show unsoundness on this panel 
might show a better degree of 
soundness in actual production cast- 
ings. 

Pressure Tightness. This again is 
a qualitative rating wherein one (1) 


standard hollow cylindrical casting 
gated and poured under identical 
conditions for each alloy (Fig. 2A). 
All of the alloys can be made 
pressure tight, but the figure given 
is a qualitative indication of the rela- 
tive ease with which pressure tight- 
ness is accomplished. 

Hot Cracking Tendency. Hot 
cracking is not a problem unless ex- 
cessive restraint is present, such as 
may be the case in the permanent 
mold foundry or with large steel in- 
serts in the sand foundry. 

Cold Brittleness. This is a quali- 
tative rating representing the likeli- 
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straightening a cold casting. O; 
(1) is best. None of the alloys 
especially bad as compared to oth 
structural metals. 

Grain Size. The magnesium allo 
represented in this table are 
amenable to grain refinement by th 
commonly known refining and supe: 
heating treatments’*. When such 
treatments are properly given, th 
grain sizes will all be about equally 
fine and of the order of 0.004-0.006 
in. average grain diameter. 

Germination Tendency. This is a 
semi-quantitative rating of the rela- 
tive tendency of the alloys to grow 
































is best. The tests were made on a hood of breakage in handling and excessively large grains during solu 
Table 3 
PROPERTIES OF Bars CuT FROM SEVEN DIFFERENT PRODUCTION CASTINGS 
” nee |: | 
Casting Type Type nS 899 ee —** Fy?—— ——** R»—_— ——$Gyr»—— S§«$ ——_—** 4 
No. Casting Average Test’ HT HTA HT HTA HT HTA HT HTA HT HTA 
l Sand Arithmetic TS. 41 41 37 36 36 38 
mean To. 19 23 14 19 14 20 
Per cent E 72 2.5 10.3 4.2 9.7 3.4 
Minimum ” ye * 29 24 31 
Y.S. 20 12 17 
Per cent E. 0.2 0.5 0.5 
Arithmetic 
mean 3 Per cent NaCl * 3.73 0.75 8.34 
Radiographic 
Rating 2 2 1 
2 Sand Arithmetic T.S. 32 30 30 
mean Y.S. 19 13 14 
Per cent E 2.5 5.9 6.3 
Minimum ’” TS. 20 20 ~ 18 
Y.S 13 11 11 
Per cent E. 0.5 1.5 1.5 
Arithmetic 
mean 3 Per cent NaCl 12.9 6.4 32.0 
Radiographic 
Rating 2 3 1 
3 Sand Arithmetic T.S. 31.4 32.4 
mean Y.S. 14.1 13.5 
Per cent E. 6.5 10.2 
Sound Area 10° Cycles Fatigue 10.0 11.0 
Unsound Area 10° Cycles Fatigue 7.5 11.0° 
4 Sand Arithmetic TS. 30.6 35.4 31.5 33.6 34.8 33.5 33.4 35.3 33.8 35.9 
mean Y.S. 14.7 Zon. 5a 17.6 11.7 15.4 15.1 22.0 12.9 18.7 
Per cent E. 5.9 2.0 7.9 $3.3 10.2 5.0 6.8 1.3 8.6 3.7 
Sound Area 10° Cycles Fatigue 16.5 15.0 15.1 12.0 15.5 12.1 15.0 12.0 11.2 10.5 
Intersecting 
Wall 10° Cycles Fatigue 13.0 10.5 10.8 11.1 15.0 9.8 11.5 11.0 11.5 9.0 
Unsound Area 10° Cycles Fatigue 9.0 8.0 9.8 10.0 11.5 10.0 108 10.9 11.5 10.0 
5 Permanent Arithmetic T.S. 32 32 27 29 27 27 30 26 
Mold mean ¥.S 16 22 13 16 13 15 15 22 
Per cent E. 5.4 1.3 4.2 2.7 6.0 3.6 7.0 2.3 
6 Permanent Arithmetic T.S. 30 29 27 27 23 28 
Mold mean ¥.S. 14 20 14 21 15 22 
Per cent E. 1.2 1.8 3.0 1.8 1.4 1.3 
7 Permanent Arithmetic T.S. 28 28 30 30 31 28 27 30 
Mold mean Y.S. 18 22 15 19 16 20 14 18 
Per cent E. 1.7 0.6 6.3 35 6.0 3.7 5.7 3.2 





1 All stress figures are in units of 1,000 psi. 


? The property value which 95 per cent of all specimens will exceed. 
* Corrosion rate in mg/cm?/day durin 
* These tests were purposely made wit 


alternate immersion. 


Mg + 9 per cent Al + Mn which is at the top limit of “‘A’’ alloy. 


5 Bars from this area when poured in ‘“‘A’’ alloy were sound, and therefore had the same fatigue limit as the bars from the “‘sound’’ area. 
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Fig. 2—Types of magnesium alloy castings used for the various tests. 
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tion heat treatment. Zero (0) re- 
fers to no germination. 

It should be kept in mind that the 
occurrence of germination is an ab- 
normal phenomenon and is avoid- 
able in all of these casting composi- 
tions by correct chilling and molding 
conditions, care in handling the 
castings after shake-out to avoid cold 
work, and the use of the proper 
solution heat treatment method". 


Commercial Heat Treatments 

Heat Treatability. This behavior 
of the alloys is expressed by the num- 
ber of hours at the proper tempera- 
ture to give a commercially accept- 
able degree of homogenization. These 
are commercial treatments and the 
temperatures used were selected to 
provide a compromise between time 
for treatment and avoidance of fu- 
sion voids and sagging. A compound 
rating of 4 or less is considered sat- 
isfactory"™*. 

It is common practice to give the 
“H” and “C” (high zinc type) 
alloys a 2-hr. pretreatment over the 
range from 500° F. up to the heat 
treating temperature in order to 
avoid fusion of the lower melting 
phases prior to the regular heat 
treating step. These two hours should 
be added to the time for the high 
zinc compositions, since the low zinc 
require this pre- 


alloys do not 


treatment. 

The specific temperature of 500° 
F. is not chosen for metallurgical 
reasons, but for production con- 
venience. This temperature should 
not be higher than 640° F. In prac- 
tice the 2-hr. preheat has little sig- 
nificance, since most large produc- 
tion furnaces require at least that 


long to reach heat treating tempera- 
tures after unloading and reloading 
with a cold charge. 

It can be seen from Table 4 
that addition of zinc will increase 
the rate of homogenization of 
Mg-Al-Mn alloys. Thus, “R” alloy, 
with 9 per cent Al and 0.7 per cent 
Zn, requires 18 hours at 780° F., 
while C alloy, also with 9 per cent 
Al but 2 per cent Zn, can be equiva- 
lently heat treated 10° F. lower in 
the same length of time. The sig- 
nificance of this 10° F. drop is shown 
by the fact that the time necessary 
for heat treatment of “R” alloy is 
about doubled when the tempera- 
ture is 770° F. 

A qualitative rating of the tend- 
ency of the various alloys to sag 
during the solution heat treatment 
suitable to each alloy is given, one (1) 
being the least amount of sagging. 
This was obtained by supporting a 
test bar of each composition during 
its, standard heat treatment as a 
loaded cantilever beam and then 
noting the relative permanent de- 
flection. In general, with each alloy 
this sagging tendency is proportional! 
to the temperature. 

Weldability. The figures given 
are a qualitative rating of the ease 
with which these alloys may be 
welded, one (1) being the best. The 
low zinc containing alloys show less 
tendency to crack at the bead dur- 
ing welding. 

Machinability. There are no sig- 
nificant differences in these alloys. 
All have excellent machinability. 


Part Il—Evaluation 
As has been previously pointed 
out, this section will deal with inter- 


Table 4 


FouNpDRY CONSIDERATIONS 











———— . 

“ —- —_ “Gt a 2? 
Liquidus, ° F. 1106 1135 1110 1100 1120 
Freezing Range, ° F. 310/350 250/450 275/320 260/300 225/275 
Fluidity (A.F.A. in.) 30 25 26 26 23 
Castability 1 ] | 1 1 
Pattern Shrinkage, in./ft. 5/32 5/32 5/32 5/32 5/32 
Melting Loss, per cent 2.5 2.0 3.0 (est.) 3.5 3.0 (est.) 
Porosity Tendency 2 4 1.5 l 1 
Pressure Tightness 2 3 I I 1 
Hot Cracking Tendency 1 2 l 1 1 
Cold Brittleness 3 1 2 + 1 
Grain Size Fine Fine Fine Fine Fine 
Germination Tendency 3 0 3 4 2 
Heat Treat (hr. at ° F. 18/770 10/730 18/780 18/780 16/790 
Heat Treat Sagging 3 1 2 2 2 
Weldability (Hot) 2 3 1 1 1 
Machinability Excellent Excellent Fxcellent Excellent Excellent 
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pretation of the data presented a: 
may, therefore, be considered wit 
the thought that the conclusio: 
reached represent opinion based « 
experience; other circumstanc 
might lead to somewhat differe: 
conclusions. 

It must first be recognized tha 
all of these alloys are composition 
within one system—Mg-Al-Mn-Zn 
Therefore, many of the physical and 
mechanical properties are inte: 
dependent, and all of them chang: 
in a gradual manner from one allo, 
to another. 

Equivalent mechanical properties 
can be secured with Mg-Al-Mn or 
by adding Zn and reducing the 
aluminum proportionately. Any se- 
lection of a specific composition is 
thus somewhat arbitrary within th: 
general framework of the system as 
a whole. 


Examination of Table 2 reveals 
that, within the alloy system with 
which we are dealing, two general 
classifications of mechanical prop- 
erties exist. First, there are those 
alloys possessing high hardness and 
strength, but with somewhat limited 
ductility and toughness. These ar 
compositions containing a relatively 
high total alloy content (> 10 per 
cent). 

Second, there are those alloys hay 
ing high ductility and toughness, 
though somewhat lower hardness 
and strength. These compositions 
are characterized by a lower total 
alloy content (< 9 per cent). With- 
in each of these classes a furthe: 
choice concerning the ratio of Zn/A! 
can be made. 

For the high strength, high hard- 
ness class it is concluded that the 
most suitable composition is “C” 
alloy. This conclusion is reached be- 
cause “C” alloy is relatively good in 
soundness, weldability, and corro- 
sion, and responds uniquely to spe- 
cial quenching and aging heat treat- 
ment procedures’’. 

Thus, in this range of possibl 
compositions neither a high nor a 
low Zn/Al ratio is chosen, but 
rather a uniquely good compromise 
However, if soundness as such is th: 
prime requisite, dropping the Zn an: 
raising the Al is a commercially suc 
cessful and demonstrated alloy (e.g 
“G” alloy). 

In the low total alloy range n 
such fortunate compromise has be: 
found and we must, therefore, con 
pare high zinc (3 per cent) and lo 
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alloys. The mechanical prop- 
ties of these alloys, as shown in 
ble 2, are too much alike to per- 
t selection on this basis. 
We are, therefore, privileged to 
ike a choice on the basis of the 
re qualitative factors listed in 
ible 4, reference to which reveals 
at appreciable differences exist in 
properties: porosity tendency or 
essure tightness, hot cracking ten- 
ney, germination, heat treatability, 
ldability, and salt water corrosion. 


Permanent Mold Castings 
Of these, the high Zn/Al ratio 


ype is superior in three cases (ger- 
ination, heat treatability, and salt 
ater corrosion), while the low 
//Al ratio type is superior in the 
emaining three (porosity tendency, 
tt cracking tendency, and weld- 
ibility). The question of relative 
importance of these properties must 
be examined. , 
One of the characteristics—hot 
racking tendency—need be consid- 
red only in connection with a per- 
anent mold type of casting. There 
it is of sufficient importance to rule 
ut a high Zn/Al ratio for any but 
the simplest of shapes. Thus, for 
permanent mold, in general, the 
choice of alloys should be “C” alloy 
lor high strength and a low Zn alloy 
e.g., “A” alloy) for toughness. 


~ 


Since hot cracking is not a limit- 
ing factor in the sand foundry, this 
property can be neglected in select- 
ing an alloy for this type of fabrica- 
tion. Thus, a balance must be made 
between the importance of low 
porosity tendency and good weld- 
ability on one hand, and low corro- 
sion sensitivity to impurities, ease 
of heat treatment, and no germina- 
tion on the other hand. Emphasis 
upon one property or another is re- 
sponsible for the choice of alloy for 
any particular application. 

In order to check the properties 
of the metal found in commercial 
castings when poured in different 
illoy compositions, the four types of 
castings listed in Table 4 were made. 
With all four types of casting the 
“A” alloy was substantially more 
sound than the “H” alloy. 


In spite of this the very interest- 
ing fact is apparent that in three of 
the four castings the properties of 
test bars cut from the castings—both 
ensile and fatigue—are equivalent 
or the “H” and “A” alloys. In the 
emaining casting (no. 3) the “H” 
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alloy was sufficiently more porous 
than the “A” 
of the casting to lower the fatigue 
strength of test bars cut from the 
casting. 


alloy in one section 


Porosity Control 

There is no clear correlation of 
these test bar results with the service- 
ability of the casting. Porosity will 
have little influence in the practical 
matter of the serviceability of the 
casting, unless the porosity occurs in 
a location at which failure might 
initiate even if the metal were 
sound. 

Control over the location of poros- 
ity is possible by the foundryman, 
but he does not always know which 
regions of the casting are to be the 
ones most critically stressed in serv- 
ice. An absence of radiographic 
porosity possesses certain psychologi- 
cal advantages and is of un- 
questioned value in those cases in 
which pressure tightness is a service 
requirement. 

With alloy compositions contain- 
ing more than 0.3 per cent zinc, 
there is a distinct increase in radio- 
graphic rorosity’®. Thus, although 
the mechanical properties of the low 
zinc alloys used by the British (0.4 
per cent and 0.6 per cent Zn) are 
not significantly different from alloys 
containing no zinc, the advantage of 
the good soundness characteristics of 
the low zinc alloys is more fully ob- 
tained when the zinc is held to a 
maximum of 0.3 per cent. 

Thus, while the term “low zinc” 
has been generally used in the dis- 
cussion of this paper, this means 
preferably zero per cent Zn with an 
allowable maximum of 0.3 per cent. 


Alloy Weldability 
Weldability of casting alloys is a 
practical consideration which is of 
value both because of the adapt- 
ability of the castings to fabrication 
processes involving welding, and be- 
cause of the economics of salvaging 
castings with small foundry defects. 
Although salvage welding is not 
used, or used in only limited ways 
on aircraft castings, it should be at 
least as economically important in 
the peacetime commercial field as 
it is for steel foundries. 

The atmospheric corrosion results 
in Table 2 emphasize the arbitrary 
nature of salt water corrosion test- 
ing. For exposures in a severe ma- 
rine atmosphere the relative results 








obtained in a salt water alternate 
immersion test remain approximately 
true. However, for other more nor- 
mal types of exposure, even in se- 
vere industrial atmospheres, both 
the high and low zinc types of alloy 
are quite similar in behavior. 

Both are very stable, as shown by 
the fact that strength losses of bare 
metal in 4 years’ exposure amount to 
If painted, 
there is no loss in mechanical prop- 
erties. Thus, the severity of the 


only a few per cent. 


anticipated exposure determines how 
much emphasis should be placed 
upon salt water corrosion resistance 


Low Zinc Alloys 


Low zinc alloys not of high purity 
grade are used for aircraft parts, 
wheels, engine parts, air frames, etc., 
by the English and the Germans 
with apparent satisfaction. In the 
military service in the United States 
a higher standard for salt water cor- 
rosion has been set and the high 
zinc alloys are specified for castings 
(and controlled high purity magne- 
sium alloys for wrought metal prod- 
ucts). 

It has been shown* that if certain 
impurities are controlled high zinc 
is not necessary for salt water cor- 
rosion resistance. Controlled purity 
alloys, whether with high or low 
zinc, will have a corrosion rate of 
0.2 mg/cm*/day in 3 per cent NaCl 
solution and will show no loss in 
mechanical properties under the 
coastal or industrial atmospheric ex- 
posures as listed in Table 2 

Care in paint protection sched- 
ules and in design to take care of 
contact with dissimilar metals and 
of pockets likely to trap water are 
most effective in securing good sta 
bility in service. 

As can be seen from Table 4, the 
substitution of Zn for Al to main- 
tain a constant total alloy content 
results in shorter times of heat treat- 
ment at a given or lower tempera- 
ture. “H” alloy is considered the 
easiest to heat treat because it can 
be homogenized more rapidly and 
the temperature is low enough so 
that little trouble with sagging is ex- 
perienced. 

Difficulties that have been men- 
tioned? are due to lack of close 
temperature control of the heat 
treating furnace, which control is 
desirable in any case. For the high 
zinc alloy mechanical properties are 
good without heat treatment, while 
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improved toughness may be obtained 
by a heat treatment which is easy 
and rapid. No special precautions 
against germination need be taken. 

The high zinc type alloy should 
be of particular value in the sec- 
ondary metal field because of its 
relatively greater tolerance for im- 
purities. 

The conclusion is reached that 
two alloys should be available in the 
ductile, tough alloy class. First, 
there is an alloy with low zinc 
characterized by soundness and good 
weldability. This composition should 
be used for critical parts and high 
quality, specialized work. The op- 
timum composition within this class 
is represented by compositions of 
Al <9 per cent, eg., “A” alloy 
(maximum of 0.3 per cent Zn). 

Second, there is an alloy with 
high zinc characterized by good tol- 
erance for impurities together with 
good heat treatment characteristics. 
This alloy is ideally suited to low 
cost operation when soundness speci- 
fication is not critical. 

Secondary metal can be used. The 
optimum composition within _ this 
range is “H” alloy. When the cri- 
terion for serviceability is maximum 
resistance to salt water corrosion, the 
high zinc alloy is the presently avail- 
able better choice. 

Data on the physical and me- 
chanical properties of the various 
common casting alloys as obtained 
from laboratory test bars and as 
actually found in typical commercial 
castings, together with information 
on how these alloys behave in 
foundry and fabrication processes 
have been presented. 


Summary 
It has been further pointed out 
that all of these alloys are essentially 
of one family—Mg-Al-Mn-Zn—and, 
therefore, their properties are inter- 


dependent. Since service require- 
ments are different, no one com- 
position will satisfy all the needs. In 
view of this fact and the importance 
to both foundry and fabricator of 
keeping the number of different 
alloys to a reasonable minimum, 
three compositions have been se- 
lected as suitable for most service 
requirements. 

Since the mechanical properties 
seem to be substantially equivalent, 
the choice between high and low 
zinc alloys has been based upon 
other characteristics. Future re- 
search may show alloy differences in 
response to treatments, or in other 
mechanical properties which will af- 
fect serviceability and may, there- 
fore, outweigh some of the qualita- 
tive or economic considerations lead- 
ing to the following compositions: 

1. For applications requiring 
maximum yield strength and hard- 
ness, only fair toughness, good 
soundness, and good salt atmosphere 
corrosion resistance, “C” alloy is in- 
dicated. This applies equally to 
sand and permanent mold castings. 

2. For applications requiring 
maximum toughness, only fair hard- 
ness and yield strength, maximum 
soundness and weldability, a low 
zinc alloy with Al < 9 per cent, e.g., 
“A” alloy, is indicated. For maxi- 
mum salt atmosphere corrosion re- 
sistance in this alloy, purity must be 
controlled. This applies equally to 
sand and permanent mold castings. 

3. For general sand casting ap- 
plications requiring maximum tough- 
ness, only fair hardness and yield 
strength, maximum salt atmosphere 
corrosion resistance and tolerance to 
impurities, “H” alloy is indicated. 

The benefits of present alloy com- 
position factors can be completely 
attained only after the best design 
and fabricating practices have been 
sought out and fully apphed. 
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A.F.A. HEAT TRANSFER COMMITTEE REPORT 


A Committee of the Technical Development Program 


N May 4, 1944, R. E. Ken- 
nedy, A.F.A. Secretary, noti- 
fied Messrs. H. A. Schwartz, 

National Malleable & Steel Castings 
Co.. Cleveland; E. C. Troy, Dodge 
Steel Co., Philadelphia, and H. F. 
laylor, Naval Research Laboratory, 
Anacostia, Washington, D. C., that 
hey had been appointed a commit- 
tee to consider the desirability of 
\.F.A. sponsorship for an investiga- 
tion, or investigations, along the 
general line of the paper “Heat Flow 
Problems in Foundry Work,” pre- 
sented at the Buffalo meeting ( 1944) 
of the Association by Dr. Victor 
Paschkis, Columbia University, New 
York City. 

This committee considered the 
matter and recommended the forma- 
tion of a standing committee on heat 
transfer to consider problems in that 
field from the viewpoint presented 
by Dr. Paschkis, and from such 
other viewpoints as might seem de- 
sirable. 

The matter was submitted to the 
Board of Directors at its meeting 
July 12, 1944, and the formation c ‘ 
such a committee was approved. 
Those appointed were the three 
members of the original investigat- 
ing committee, and Messrs. K. L. 
Clark, Naval Research Laboratory, 
Washington, and John B. Caine, 
Sawbrook Steel Castings Co., Lock- 
land, Ohio. Contact was made very 
promptly with Dr. Paschkis and he 
has since worked with the commit- 
tee as a consulting member. 


Method of Attack 

It was recognized that if the heat 
analyzer data confirmed the results 
of other types of experimentation, it 
would be desirable to transfer most 
problems of heat transfer to Dr. 
Paschkis’ laboratory at Columbia 
University rather than to engage in 
the expense of carrying on bleeding 
tests and similar observations in steel 
foundries. 

It seemed, therefore, necessary in 
the first instance to determine 
whether the thermal constants 
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requisite to the solution on the heat 
analyzer, and pertaining both to the 
metal being cast and to the mold 
material, were sufficiently well 
known to warrant the approach to 
practical problems through the heat 
analyzer laboratory. 

Little doubt was entertained by 
anyone that the fundamental math- 
ematical principles of heat transfer 
were correctly known and that the 
heat analyzer could solve the corre- 
sponding equations with sufficient 
accuracy for practical use. The ques- 
tion of the selection of constants, 
however, was a subject of consider- 
able doubt. 


Selection of Material for Study 

The committee decided, as its first 
project, upon a study of the rate 
of freezing of flat plates in a foundry, 
and a comparison of the results so 
observed with the results calculated 
from the best acceptable data on the 
heat analyzer. 

Steel was selected as the metal to 
be cast and to be used as chills be- 
cause the thermal data for one par- 
ticular steel seemed to be better 
known than any other material suit- 
able for experimentation. The flat 
slab was selected as the test body 
because the mathematics of the prob- 
lem is the simplest possible, so that 
no argument could arise as to the 
theoretical basis of the comparison. 

Cooperative Experimentation. The 
members of the committee who are 
on the staff of the Naval Research 
Laboratory kindly secured permis- 
sion to make the practical tests there. 
Dr. Paschkis undertook the parallel 
investigation in the Columbia Uni- 
versity laboratory; in part at the ex- 
pense of the American Foundry- 
men’s Association. Columbia Uni- 
versity very generously contributed 
aid to the project by matching the 
amount of work paid for by A.F.A. 
with an equal amount conducted 
with University funds. 

Through Dr. Paschkis’ contact 
with the U. S. Steel Corp. Labora- 
tory, Kearney, N. J., he was able to 


secure certain thermal data for a 
steel containing approximately 0.2 
per cent carbon to serve as a basis 
of calculation, and this steel was 
accordingly selected for the foundry 
experiments at the Naval Research 
Laboratory also. 

The committee and A.F.A. are in- 
debted to those who have contrib- 
uted in various ways to the further- 
ance of the project as indicated. 


The Report 

In view of the requirements of 
Naval procedure, it is necessary for 
this committee to break up the tech- 
nical portion of its report into two 
sections. The first section is a paper 
by K. L. Clark, Naval Research 
Laboratory, entitled “Methods Em- 
ployed to Obtain Rates of Solidifica- 
tion by Direct Experiment.” This 
paper covers the work done at Ana- 
costia. 

The second section is a paper by 
Dr. Paschkis entitled “Studies on 
Solidification of Castings.’’ Dr. 
Paschkis has availed himself of the 
observations contained in the paper 
by Clark, from which he has quoted 
freely. 

These two papers accompany the 
present report, and the report and 
the two papers are to be considered 
as a single publication covering the 
work of the Heat Transfer Com- 
mittee. 


Recommended Future Investigations 
With respect to work in the 
future, Dr. Paschkis has outlined 
the following, which has had the 
general approval of the committee, 
but no details have been formulated : 
“Without attempting to give a 
program covering the entire field 
which eventually should be investi- 
gated, the following is a list of the 
desirable next steps of investigation. 
Item E could be carried out simul- 
taneously with items A to D. 

“A. Determine the air gap time 
by observing steel temperatures. 
These experiments should be carried 
out with the same dimensions of 
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castings as used in the present ex- 
periments. A correlating investiga- 
tion on the heat and mass flow 
analyzer is necessary. 

“B. Carry out similar tests on 
freezing of cylindrical bodies. Here 
again there should be correlating 
tests between direct experiments and 
experiments by electric analogy 
method. 

“C. Carry out similar tests for 
spheres. Because of the difficulty of 
casting, these experiments would be 
carried out only by the electric 
analogy method. Knowledge of the 
freezing rates of spheres is impor- 
tant for two reasons: 

(a) Chworinoff® states that freez- 
ing is characterized definitely by the 
ratio of volume to area of contact 
between casting and mold. This 


statement could be checked after 


the values for slabs, cylinders, and 
spheres are available. 

(b) For the general information 
desired, it will also be necessary to 
obtain data on freezing for spheres, 
with the thought in mind that in 
irregularly shaped castings having 
portions similar to spheres, such por- 
tions will follow the same freezing 
laws as spheres. 

“D. On the heat and mass flow 
analyzer it is possible to determine 
which of the thermal properties of 
casting, chill and sand are of major 
importance. Such an investigation 
would make it possible to reduce the 
number of investigations recom- 
mended in the next number. 

“E. Analyses by mathematical 
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approach as well as by the electri 
analogy method are based on 
knowledge of the thermal properti: 
Inasmuch as these are not know 
accurately, it would be desirable 
have them established in proper! 
equipped laboratories. The prope: 
ties involved are: (a) for the cast 
ing, (1) thermal conductivity, (2 
density, (3) heat of fusion, and 
(4) temperature range of fusion; (b 
for chill and sand, (1) specific heat, 
(2) density, and (3) thermal con 
ductivity. All values should be de- 
termined from ordinary atmospheri: 
temperatures to the temperatures 
which the various materials reach 
in foundry practice.” 


H. A. ScHwartz, Chairman, 
Heat TRANSFER COMMITTEE 


Methods Employed to Obtain Rates of Solidification 


By K. L. Clark, Naval Research Laboratory, Washington, D. C. 


i HE technique which was em- 
ployed to obtain rates of solid- 
ification by direct experiment 

was that of “slush-casting” or 

“bleeding.” The castings were poured 

and the flasks were then overturned 

at selected time intervals after pour- 
ing. The solidified shells were sec- 
tioned and measured to provide data 
for showing the relationship between 
thickness of solidified skin and time. 

Mold Preparation. The molds 
were made with an A.F.A. No. 70 
washed silica sand which was bonded 
with 3 per cent western bentonite, 
0.5 per cent corn flour, and 1.5 per 
cent foundry dextrin (all percent- 
ages by weight of the dry mixture). 
The sand was tempered with approx- 
imately 4 per cent water and was 
rammed with pneumatic rammers. 
All molds were oven-dried at 400° F. 
for at least 20 hours. 

It originally was thought that the 
presence of cereal binders in the 
sand mixture might alter the solidi- 
fication characteristics of the metal 
because of gas generation. There- 
fore, several comparative experi- 
ments at different bleeding times 
were made in which the above mix- 





ture was used for one-half of the 
mold and a mixture containing only 
clay bonding material was used for 
the other half. If there was any dif- 
ference in thickness of the solidified 
walls for any bleeding time, it was 
well within the accuracy of measure- 
ment. 

In all cases, the slabs were molded 
vertically and full length risers were 
superimposed upon them. 

Chill Practice. All chills were 
cast of the same material which 
was used for pouring the experi- 
mental castings. Such practice was 
followed because the thermal prop- 
erties of this particular composition 
have been more carefully determined 
than those for other compositions. 
The surfaces of the chills were pre- 
pared by sand blasting prior to their 
insertion in the molds. 


Melting Procedure. For all cast- 
ings, except those having a thickness 
of 6 in., steel was made by melting 
sheared ingot iron in a 300-lb. in- 
duction furnace, adding ferrosilicon, 
ferromanganese, and wash metal, 
and deoxidizing in the ladle with 
0.1 per cent aluminum. The addi- 
tions were adjusted to produce a 


steel having a composition of approx- 
imately 0.2 per cent carbon, 0.3 per 
cent silicon, and 0.5 per cent manga- 
nese. 

Steel for the 6-in. castings was 
melted from selected foundry return 
scrap in a ¥4-ton basic, electric arc 
furnace with the same final de- 
oxidation practice; additions were 
adjusted to produce a steel of the 
same approximate composition given 
in the foregoing. 

Temperature control was exercised 
by pouring the molten metal into the 
ladle at 50 to 100° F. above the de- 
sired casting temperature, where it 
was held until the proper tempera- 
ture was reached. Temperature 
measurements were made with an 
optical pyrometer sighted upon the 
end of a closed-end refractory tub: 
which was immersed to approx- 
imately 4 in. below the surface of 
the metal in the ladle. 

Pouring. Steel was poured fron 
the ladle into the mold through ; 
baked sand runner-cup which wa 
placed on the mold near one end 
of the mold cavity and located » 
that the metal stream impinged 
directly upon the bottom of the cav 
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Table 1 

q ICKNESS OF SOLIDIFIED STEEI 

9 Per Cent C) aS MEASURED AT 
MID-POINT OF THE FACE OF 








6x6-1n. CasTINGs, INDICATED 
Time AFTER PouRING 
: Sand Mold—No Chills 
Wall Pourine 
Thickness, Time, Temperature, 
in sec. F. 
0.19 21 2845 
0.25 40 2900 
0.44 60 2900 
0.59 123 2880 
; 0.83 181 2850 
’ : Sand Mold—l1 Y2-in. Chill on Each 
; Side of Plate 
C6 0.68 38 2840 
C7 0.55 23.5 2815 
PC8 0.63 34 2810 
C9 0.75 45 2880 
PC10 0.86 5? 2810 
Pe Table 2 
i 
4 [THICKNESS OF SOLIDIFIED STEEI 


0.2 Per Cent C) as MEASURED AT 

HE MID-POINT OF THE FACE OF 

{x8x8-1n. Castincs, INDICATED 
Time AFTcR PouRING 


Sand Mold—No Chills 
Wall Pouring 


Thickness, Time, Temperature, 
N in. sec. ’ F. 
PI 0.19 31.5 2865 
PO4 0.20 32 2850 
POS 0.27 60 2833 
P3 0.50 122 2900 
POI! 0.48 120 2840 
PO1O 0.68 245 2840 
PO20 0.70 242 2858 
PO21 0.85 302 2831 
PO18 ~—=:1.03 361 2815 
PO17 =:1.25 480 2849 


Sand Mold—3-in. Chill on Each 
Side of Plate 


PCI 0.52 20 2810 

PC2 0.77 43 2880 

PC3 = 0.92 63 2810 

PC4 1.38 123 2815 

PC5 1.67 181 2840 
Table 3 


THICKNESS OF So.ipiFiep STEE! 

0.2 Per Cent C) as MEASURED At 

rHE Mtp-POINT OF THE FAcE oF 

6x 12x 12-1n. Castincs, INp:cATED 
Time AFTER PourRING 


—~Sand Mold—4'2-in. Chill 
on Each Side of Plate 


Wall Pouring 
Thickness, Time, Temperature, 
Vo in. sec. °F. 
1-1] 0.75 44 2900 
1-2 0.94 63 2885 
»- J 1.34 120 2950 
2 1.67 184 2930 





Table 4 


TEMPERATURE MEASURED IN SAND ADJACENT TO MID-POINT oF THE FAceE oF 


A 2x 6x 6-1n. STEEL CASTING AT INDICATED TIME AFTER PouRIN« 


IQS 


PouRING TEMPERATURE——2850° F 


Ve-in V4-1n 4-in l-in 2-in 


from Metal from Metal 


from Metal 


from Metal 


from Metal 


Interface Interface Interface Interface Interface 
Time, Temp Time, Temp Time, Temp Time, Temp Time, Temp 
sec F sec F sec F eC F sec F 

30 1158 60 885 30 87 60 94 0 63 
210 2167 180 1659 90 245 18u 225 210 77 
270 2232 240 1806 150 435 300 423 390 145 
330 2266 360 1956 330 925 $20 597 +80 171 
390 2280 420 2005 450 1150 540 754 600 190 
450 2280 180 2025 510 1241 720 941 720 234 
510 2271 540 2089 570 1315 840 1025 960 397 
570 2255 609 2090 660 1396 960 1090 1200 8417 
660 2225 720 2030 780 1465 1080 1139 1440 461 
900 2126 840 2004 900 1504 1200 1176 1560 517 

1140 2035 960 1971 1140 1536 1440 1225 1800 565 
1380 1956 1200 1904 1260 1540 1560 1238 040 617 
1620 1886 1560 1813 1500 1540 1680 1247 2160 646 
1860 1825 1920 1735 1740 1522 1800 1255 2400 660 
2100 1773 2040 1710 1860 1513 1920 1260 2520 675 
2340 1722 2280 1668 2100 1491 2160 1261 2640 687 
2580 1676 2520 1625 2340 1467 2400 1257 2760 701 
2820 1636 2760 1585 2580 1445 2640 1250 2880 710 
2940 1615 3000 1551 2820 1421 2880 1241 3000 720 
ity. In all cases, an attempt was Table 5 


made to keep the runner-cup filled 
and the ladle-lip at the same height 
(minimum possible distance) above 
the cup. 

Timing Solidification. Stop- 
watches were started when the slab 
sections were observed to be half 
filled and were stopped when the 
molds were overturned. Thus, the 
solidification times were arbitrarily 
taken to be those times during which 
the metal was in contact with the 
mold at the point where skin thick- 
ness measurements were to be made 

Skin Measurements. All castings 
were sectioned in such a manner 
that the skin thickness measurements 
could be taken at the centers of the 
large faces. In some cases the inter- 
nal walls were sufficiently smooth 
and uniform to allow the use of 
micrometer calipers. In other cases, 
particularly with the sand-cast plates 
which were bled after relatively long 
time periods, the internal faces were 
somewhat roughened; these walls 
were gauged as closely as possible 
with machinists’ outside calipers and 
measured to the nearest sixty-fourth 
of an inch. 

Mold Temperatures. Tempera- 
tures within the molding mate- 
rials were determined by inserting 
chromel-alumel thermocouples par- 
allel to the mold-metal interface at 
selected distances therefrom, and 
readings were taken at regular time 


TEMPERATURE MEASURED IN THI 
Cutt 3 in. From Its INTERFACE 
WITH A 4x8x12-1n. Steet CastiInc 
AT INDICATED Time AFTER PouRING 
(Torat Cutt THIickNess—3'-IN. : 
PourRING TEMPERATURE —2900° F 


Sin. from Casting- Sin. from Casting 
Chill Interface Chill Interface 
Time, Temp., Time, Temp., 

S€¢ F se F 
30 70 1500 1130 
120 130 1680 1165 
240 340 1920 1190 
360 515 2190 1210 
480 650 2400 1220 
600 750 2640 12°) 
720 840 2880 1230 
840 915 3120 1230 
960 970 3360 1225 

1200 1035 3600 1220 


intervals. These data were plotted 
to obtain the family of curves which 
are shown as alternate dashes and 
dots on Fig. 13 of Dr. Paschkis’ 
paper. 

The data which appear in the 
Tables 1 to 5, inclusive, were ob- 
tained by Nicholas Kowall, Naval 
Research Laboratory. 


Note: The paper by Dr. Paschkis, the 
second section of the Heat Transfer 
Committee Report, begins on the follow- 
ing page. 











































































Studies on Solidification of Castings 


By Dr. Victor Paschkis*, Colurnbia University, New York City 


HIS paper together with the 

preceding one is to be con- 

sidered as one unit. The ex- 
periments reported upon were car- 
ried out in close contact with the 
Naval Research Laboratory commit- 
tee members and frequent confer- 
ences were held. 

The rate of freezing during solidi- 
fication of castings is a point of great 
significance in the art of casting. In 
certain alloys, particularly cast iron, 
the rate of solidification is effective 
in determining the structural char- 
acteristics of the frozen metal. In 
some alloys, the rate of solidification 
determines the occurrence or ab- 
sence of interdendritic shrinkage. 
In castings of most alloys, susceptibil- 
ity to gross shrinkage is determined 
by the combination of mold con- 
figuration and solidification rates at 
various locations in the mold. 


Solidification Variables 

Variables in Problem. Rational 
analysis of solidification is, therefore, 
very desirable but, so far, has been 
lacking because of the complexity of 
the problem. The following vari- 
ables seem to be of major impor- 
tance in connection with the solidi- 
fication of castings: 

1. Nature and thermal properties 
of the materials involved (casting, 
possible chills, and mold). 

2. Geometry of the casting and 
the mold. 

3. Pouring temperature (in case 
of gray iron, this influences the 
formation of graphite flakes and 
thereby influences the thermal prop- 
erties along with the mechanical 
properties of the casting). 

4. Speed of pouring. 

5. Formation of an air gap be- 
tween casting and mold because of 
shrinkage of the casting. 

The large number of variables 
makes a step by step method of 
analysis necessary, eliminating some 
of the variables at first, that is, by 
keeping some of them constant. In 
this investigation, the speed of pour- 
ing and, with one exception, the 
pouring temperature were held con- 





*Research Associate in charge of Heat 
and Mass Flow Analyzer Laboratory, De- 
partment of Mechanical Engineering. 


stant. Only one shape was investi- 
gated; however, different sizes of 
this shape were tested. The present 
experiments deal exclusively with 
casting of steel. 

Approach to Problem. Recogniz- 
ing the fact that the art of casting 
can be put on a more rational basis 
only if more adequate information 
concerning the various aspects of 
solidification is available, it was 
deemed necessary to look for an eco- 
nomic tool of research for the large 
scale investigations which would be 
required. 

The conventional way of direct 
experimentation’? was considered 
and found to be extremely expensive 
and subject to so many difficulties 
as to make it troublesome to obtain 
extensive information. The electric 
analogy method incorporated in the 
heat and mass flow analyzer at 
Columbia University gave promise 
of being a more economical tool of 
research. This method has been 
tested time and again and has been 
described previously in a publication 
of this Association®. In this previous 
description, further literature on the 
method is quoted. 


Comparative Experiments 

Because of the complexity of the 
problem of solidification, it seemed 
necessary first to have direct proof 
that the electric analogy method 
would be suitable for solution of 
this type of problem. This answer 
could be found only through com- 
parative experiments in which actual 
foundry work was compared with re- 
sults obtained on the heat and mass 
flow analyzer. The present report 
covers such comparative exper- 
iments. 

End Point of Investigation. The 
tests reported hereafter, therefore, 
serve two purposes. First, they shed 


tIn the present report, experiments on 
the heat and mass flow analyzer are de- 
scribed and their results are compared 
with those obtained in direct experi- 
ments. The latter, carried out at the 
Naval Research Laboratory, are described 
in the preceding paper by K. L. Clark.‘ 
Whenever, in this paper, “direct experi- 
ments” are mentioned, reference is made 
to this article. 


some light as to the validity of using 
the heat and mass flow analyzer i: 
connection with solidification prob- 
lems; second, they are a first step 
toward obtaining general informa- 
tion on the solidification problem 
In calling this work a first step, the 
author does not want to detract 
from the value of previous work. 

In addition to the work of Yearley 
and Troy’, investigations by Briggs 
and Gezelius® should be mentioned: 
attention is also drawn to the ex- 
haustive study by Chworinoff® and 
to the work of the (British) Iron 
and Steel Institute’. There are many 
more publications on this subject, 
some of which are quoted in the 
above references. 


Investigation Material 

If in the light of all this previous 
work, the author still speaks of this 
paper as a first step, it is done in 
the hope that eventually a complete 
and consistent set of data can be 
assembled by the A.F.A. Heat Trans- 
fer Committee which will cover the 
entire field of solidification. In this 
connection, reference is made to the 
general report of the committee, ‘n 
which next steps for such a program 
are discussed. 

Selection for Cast Material for 
Investigation. In selecting the steel 
for which the investigations were 
carried out, the author was guided 
by the necessity of finding a mate- 
rial whose properties were estab- 
lished well enough for such a com- 
parative test. The selected steel was 
of 0.2 per cent carbon; the prop- 
erties are shown in various hand- 
books and publications and seem to 
check reasonably well. 

As explained previously, the re- 
port serves in part to compare the 
results obtained by the method of 
direct experimentation with those 
obtained by electric analogy. Gen- 
erally it was attempted to find tw: 
types of information: (1) The thick 
ness of frozen steel expressed as 
function of freezing time, and (2 
the temperature-time function of th: 
casting, chill, and sand. 

The experiments carried out 0! 
the heat and mass flow analyze’ 
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insisted of building up an electrical 
rcuit to represent thermal condi- 
ns within the casting and adjacent 
old material, and carrying out cer- 
in electrical measurements which 
ere then translated into heat terms. 
[he technique of this approach is 
escribed in Appendix 1. 


Experiments 
Program. In selecting the shape 
be investigated, the author was 
uided by the desire for simple ex- 
riments. Due consideration also 
vas given the desirability of sim- 
icity of the direct experiments 
irried out simultaneously. With this 
yurpose in mind, a slab was selected 
having a surface area so large that 
the effect of the ends was completely 

negligible at the center. 

The experiments with chills were 

arried out so that the large side of 

the casting was cast against the chill 
ind only the narrow sides were ex- 
posed to sand. The chill was in ail 
ases backed by sand. It was de- 
sired under all circumstances to have 
“adequate chills”; i.e., chills which 
it the end of the freezing period 
were not entirely saturated with 
heat. In symetry, both faces were 
chilled when chills were used*. 

Based on these considerations, the 
dimensions shown in Tables 6 and 7 
were selected. Appended to each 
dimension is a designation of the 
experiment. 

In the direct experiments, sand 
thicknesses different from those 
selected and indicated in the table 
were used. In the direct experiments 
in casting in sand, the thicknesses 
were 5 in. for experiment S, and 
7 in. for experiment S,. Therefore, 
in the electric experiments, the orig- 
inally selected thicknesses also were 
changed to 5 in. for S, and 10 in. 
for S,. All castings were poured at 
a temperature of 2845° F., with one 
exception where a temperature of 
2950° F. was used. 


Solidification Curves. The solidi- 
fication of the castings is shown by 
curves in which times are plotted as 


*In several of the curves presented, 
diagrams showing the relative amounts 
of metal, chill and sand are shown. In 
these instances, the thickness of the steel 
shown does not correspond with the 
amount shown in the legend. Since both 
sides of the slab were chilled, and since 
‘ach chill extracts heat from half the 
slab, the diagram indicates only half the 
mold and hence half the metal thickness. 


abscissas and frozen thicknesses are 
plotted as ordinates. For example, 
an abscissa of 200 sec. and an ordi- 
nate of 0.64 in. indicates that after 
200 sec. a thickness of 0.64 in. was 
frozen on each wall of the casting 
for which the curve holds. 

The various figures apply to the 
different experiments ‘listed above. 
In each figure, several curves are 
shown. The constitution diagrams 
of the steel show a freezing range 
of 100°F., namely from 2700 to 
2600° F. In the direct experiments 
by bleeding, only one curve of solidi- 
fication is obtained, but in the elec- 
tric experiments two curves are ob- 
tained, one for beginning of freezing 
and one for end of freezing. 

There was some question as to 
which curve should be considered 
comparable to the curve obtained in 
direct experimentation. After care- 
ful consideration, it was decided 
that the solidified thickness meas- 
ured in the bleeding tests corre- 
sponds to the beginning of solidifica- 
tion. For the direct experiments, 
the observed points are inserted in 
the figures. 

Both curves (beginning and end 
of freezing) are shown in the dia- 
grams. There is as yet no informa- 
tion available concerning the time 
of formation of the air gap. There- 
fore, in some instances, curves are 
shown with different values of time 
of formation of the air gap. The 
way in which the air gap actually 
forms is not well established. The 
author used the concept, which may 
be an oversimplification, that the 
air gap forms suddenly. This implies 
that, up to the time of the forma- 
tion of the air gap, there is intimate 
contact between the casting and the 
surroundings (chill or mold), where- 
as after the time of formation of air 
gap, there is a finite distance be- 
tween the two faces. 

Actually, it is probable that the 
air gap does not form at all points 
at the same time. Local differences 
in mold or chill may account for 
local changes in formation of air 
gap and the gradual rise of the 
metal in the mold could account for 
a systematic difference in air gap 
time at the top and the bottom of 
the mold. For the present experi- 
ments, it was assumed, however, 
that such differences do not occur 
and that the air gap opens suddenly. 
Table 8 lists the figures along with 











Table 6 
DIMENSIONS OF CASTINGS MADE 
IN SAND 
Total 
Thick- Dimen- 
ness ston Thickness 
Experi- of Slab, of Slab, of Sand, 
ment in. in in 
S: 2 2x6x6 4 
S, 4 4x8x8 8 
Table 7 


DIMENSIONS OF CASTINGS MADE 
WITH CHILLS 





Thick- 
ness Total 
; of Dimen- Thickness Thickness 
Experi- Slab, sion of of Chill, of Sand, 
ment in Slab, in in in. 
C; 2 2x6x6 1% 2 
C, + 2x8x8 3 5 
C, 6 4% 7! 
Table 8* 


INDEX TO FREEZING RATE GRAPHS 


Pouring 

Tem- 
Experi- perature, 
Figure ment ° FP. 


“hee 2845 SA,SNA, & 


Curves Shown Remarks 


EA, ENA 
i" 2845 SA, SNA, a 
EA, ENA 
$6 (CSS, 2950 SNA, ENA 
+ & 2845 SA,EA 8 
5 CC, 2845 SA,EA a 
. = 2845 SA,EA a 


*In this table, § designates start of freezing 
(2700° F.) and E, end of freezing (2600° F.), 
A air gap, NA no air gap 

* Indicates that results from direct experiments 
are available. 





Table 9 


INDEX TO GRAPHS SHOWING 
TEMPERATURES IN THE CASTINGS 


Pouring 
Tem- 
Experi- AirGap, perature 
Figure ment sec. “a 
7 S:; no 2845 
8 S, no 2845 
9 S, 20 2845 
10 Y 9 2845 
11 Cy 36 2845 
12 Ce 81 2845 





pertinent information concerning the 
presented data. 


Temperature-Time Relationships 

The temperature-time relation- 
ships for the casting and for the sur- 
rounding medium were studied 
separately. 

Casting. Table 9 lists the figures 
along with pertinent information 
concerning the presented data. 

In each figure, several curves are 
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shown, each curve representing a 
different point in the casting, the 
limiting curves being those for the 
interface and the center of the slab, 
respectively. Times are plotted as 
abscissas, temperatures as ordinates. 

Chill and Sand. Chill tempera- 
tures were found by direct measure- 
ments in earlier experiments carried 
out in the Naval Research Labora- 
tory (personal communication by 
H. F. Taylor and K. L. Clark). Be- 
cause of the close similarity of con- 
ditions, the values are included in 


INCHES FROM STEEL - SAND INTERFACE 


the present experiments. Table 10 
lists the figures along with pertinent 
information concerning the pre- 
sented data. 

In each figure, several curves are 2. 
shown, each curve representing a 93 
different point in chill and/or sand. 


~- 
. 


Discussion of Results 
Air Gap Times. Before comparing 
the results obtained by direct ex- 
periments and the electric method, 
it is necessary to consider the influ- 
ence of the air gap. Systematic in- 
vestigations were made for experi- 
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INCHES FROM STEEL — SAND INTERFACE 


Table 10 
0.2 


INDEX TO GRAPHS SHOWING CHILL 








Fig. 2—Rate of freezing in 





Fig. 3—Freezing rate of 4-in. thick slab casting poured at higher temperature (2950° F.) 
than used in Figs. | and 2. Compare with Fig. 2 for effect of pouring temperature. 


T/AIR GAP TIME 





Heat TRANSFE! 


THICKNESS OF STEEL 4 IN. 4 
THICKNESS OF SAND 10 IN. F 
———= NO AIR GAP 
20 SEC. 
POURING TEMPERATURE 2845° F. 





CLARK'S OBSERVATIONS  X ? 
=, 
Fo] ome | 
4 oe 10" «1 
1500 2500 ; 
TIME — SECONDS 
4-in. thick slab casting showing effect of air gap time. 
THICKNESS OF STEEL 4 IN. 
THICKNESS OF SAND 10 IN. 
NO AIR GAP 
POURING TEMPERATURE 2950°F. 
é 
Be: 
+ | + } 
1500 2000 2500 3000 3500 4000 4500 5 


TIME — SECONDS 


+ 


Ay 


AND SAND TEMPERATURES 0 500 

Pouring 
Air Tem- 

Experi- gap, perature, Re- 

Figure ment sec. F marks* 

13 S, 5 2845 x 
14 S, no 2845 
15 S, 20 2845 
16 C: 9 2845 

17 Cy 36 2845 x 
18 Ce 81 2845 


* For experiments marked ‘‘x’’, refer to direct 
experiments (See reference 4 in bibliography at 
end of report). 
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ment C,, in which various air gap 
times were used. The experiments 
of this group are summarized in Fig. 
19. In this figure, the start of freez- 
ing at the center of the casting is 
plotted on the ordinate axis and the 


+ 


THICANESS OF STEEL 2 i. 
THICKNESS OF SAND 5 IN. 


t+} {| [iain GaP TIME 


NO AIR GAP 
5 SEC. +t 


0.7 }-+-+-+— POURING TEMPERATURE 2845°F. 
++ +4. +-+—{ CLARK'S OBSERVATIONS X 


500 600 - 700 800 900 
— SECONDS 


Fig. |—Rate of freezing in 2-in. thick slab casting showing the effect of air gap time, 


air gap times are plotted as abscissas 

The very marked influence of the 
air gap time is obvious. With an 
air gap time of 9 sec., the center 
starts to freeze 270 sec. after pour- 
ing, whereas with no air gap (which 
is equivalent to an air gap time equa! 
to infinity) freezing at the cente: 
starts 146 sec. after pouring. Th: 
freezing time, therefore, is reduced 
approximately 45 per cent if the ai: 


gap time changes from 9 sec. to 


“no air gap.” 

Similar influences are to be see: 
in Figs. 5 and 6, where results fo: 
two different air gap times ar 
shown. 

For casting in sand, however, th 
air gap seems to have only a sma! 
influence on the rate of freezing 
See, for example, Figs. 1 and 2 i: 
which experiments with and with 
out air gaps are compared. In Fig 
1, it can be seen that the freezin 
time of the center with 5 sec. ai 
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yap time is only about 10 per cent 
higher than with no air gap. In the 
case of Fig. 2, the change is slightly 
larger but still at different order of 
magnitude as compared with chill 





experiments. 
A word of justification is neces- 
sary concerning the selection of air 





gap times in the chill experiments 
Figs. 4, 5, and 6). 
selected so as to give as close a St 


The times were 


ro RA 


as possible to the curves obtained by 
direct experimentation. It appeared 
that such coincidence was obtained 
if the air gap times were changed 





proportionally to the square of the 
thickness of the 
The air gap time of the 
t-in. steel is 2? = 4 times as high as 
that for the 2-in. steel. The justifica- 
tion for this procedure will be given 
in the following after the other as- 
pects of the experiment have been 
discussed. 

The relationship found for the air 
gap formation time with chills also 
was applied in selecting the air gap 
formation times for sand experi- 
ments, and this is the reason that the 
air gap time for S, was 5 sec., or 4 


difference in slab 
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g of the value used in experiment §,. 
Comparison of Freezing Times. 


From Figs. 1, 2, 4, 5, and 6, it is 
apparent that the curves “start of 
freeze” check closely with those 
found by direct experiments. This 
result should be considered sepa- 
rately for experiments in sand (Sp, 
and S,) and for experiments in chill 
C,, C,, and C,). In sand, the influ- 
ence of the air gap is so small that 
it safely may be neglected as far as 
freezing times are concerned and, 
therefore, in this connection the 
close check seems in itself a satis- 










Fig. 6—Effect of 4!/2-in. chill and air gap 
times on freezing rate of 6-in. slab casting. 





factory proof of the validity of the 
electric analogy method. 

In the chill experiments, the 
strong influence of the air gap time 
cannot be neglected. It should be 
pointed out here that the close check 
between direct and electric experi- 
ments could be the result of two as- 
sumptions which are mutually com- 
pensating. For example, the air gap 
time might have been incorrectly 
selected, but if the chill properties 
also would be incorrect, it is 
ceivable that correct 
would be obtained. 

The probability of such a pair of 


con- 


results _ still 


compensating errors is small indeed 
in view of the number of experi- 
ments. It is still further lessened by 
the agreement in the chill tempera- 
tures discussed 
the author feels that the present ex- 
periments indicate satisfactory cv- 


below. Therefore, 


incidence between the two methods. 

In Figs. 1, 2, 4, and 6, the indi- 
vidual points observed by Clark were 
plotted. By observing the individual 
points, it may be found that there is 
some choice as to how to draw the 


160 200 240 280 320 360 4 440 480 520 560 
Time SECONDS 

Fig. 4 (Left)—Effect of I'/2-in. chill on 

freezing rate of 2-in. slab casting. Fig. 5 


(Right)—Effect of 3-in. chill and air gap 
times on freezing rate of 4-in. slab casting. 


sufficient 


There 


points to be quite sure about inter- 


curves are not 


polation Moreover, in view of the 
extreme experimental difficulties, one 
can really be sure of any point only 
if several experiments would have 
bled after 
an average would be taken for the 
thickness. Such 
would of course call for a very great 


been the same time and 


frozen procedure 
amount of experiments, more than it 
was possible to make 

The 


be explained as follows: 


the curves can 
When the 


hot steel comes in contact with the 


inflection in 


surface of the mold, it starts cooling 
The heat of fusion 
liberated as soon as the temperature 


at a certain rate 


reaches the upper limit of the freez- 
ing range, helps to maintain the 
temperature, and thus prevents the 
heat from layers further in to flow 
out. The freezing slows down and 


the curve bends towards the time 
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(abscissa) axis. Then, relatively 
slowly, the temperature drops and 
the heat of fusion of outside layers 
is spent. Simultaneously the proper- 
ties change (from “liquid” to “solid” 
values) : the change occurs in nature 
gradually and continuously, but was 
represented in the experiments in 
one step. 

The change is toward lower spe- 
cific heat, and toward higher thermal 
conductivity. Both changes exert 
influence in the same _ direction, 
namely, toward more rapid heat 
flow. The cooling of the inner lay- 
ers is thus accelerated, and _ this 
accounts for the upward bend in the 
solidification curve, making the 
freezing toward the end very rapid. 

Comparison of Chill and Sand 
Temperatures. In Fig. 17, chill tem- 
peratures found by direct experi- 
ments are plotted together with chill 
temperatures found from the elec- 
trical experiments. It has been stat- 
ed previously that the direct experi- 
ments for this case were made at an 
earlier date and with but slightly 
different conditions. The chill was 
3% in. thick instead of 3 in., and 
the pouring temperature was 
2900° F. instead of 2845° F. 

The curves, if taken for the pres- 
ent conditions, therefore, should be 
somewhat lower; this would bring 
the curves for 1.5 in. from the steel- 
chill interface closer together but 
would slightly separate the curves 
referring to a point 3 in. from the 
interface. In view of the many dif- 
ficulties in such experiments, the co- 
incidence of the curves can be called 


Fig. 9—Same as Fig. 7 with 20 sec. air 
gap time. 
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excellent. This was taken as addi- 
tional justification for the selection 
of the air gap times as explained in 
the foregoing. 

The sand temperatures are com- 
pared for experiment S, and shown 
in Fig. 13. It will be found that the 
temperatures observed in the direct 
experiments are considerably lower 
than those measured by the electric 
analogy method. However, curves 
plotting temperatures against loca- 
tion at constant time, as used in Fig. 
20, give a more favorable impres- 
sion. One possible explanation for 
the discrepancies would be the way 
of placing the thermocouples in the 
sand. In drying, the sand can shrink 
away from the thermocouple and 
thus cause insulation of the couple 
with resulting lower indicated tem- 
peratures*. 

A further explanation could be 
wrong selection of sand properties 
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Fig. 7 (Left)—Temperatures in 2-in. slab 

casting at various times and distances at 

and from mold-metal interface. Fig. 8 
(Right) —Same as Fig. 7 for 4-in. slab. 


in the electric experiments. In view 
of the good check of freezing times, 
this is not very probable. As can be 
seen from Fig. 13, the air gap does 
not have sufficient influence on sand 
temperatures to make a_ possible 
air gap a plausible explanation for 
the discrepancies. 

Temperatures in Slab Castings 
In the experiments so far, there was 
no possibility of comparing. steel 
temperatures within the castings 
themselves by direct and electric ex- 
periments because no quartz tubes 
were obtainable for protecting the 
thermocouples for measuring these 

*Personal communication by C. B 


Bradley, Johns Manville Research Lab- 
oratory, Manville, N. J. 
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Fig. 10 (Left)—Same as Fig. 7 with 9 sec. 

air gap time. Fig. 1! (Right)—Same as 

Fig. 7 for 4-in. slab casting with 36 sec. 
air gap time and chill. 


temperatures. However, the study 
of Figs. 7 to 12 reveals some very 
interesting facts. 

Except for the very early times, 
temperature differences in the cast- 
ing are small. The term “very early” 
must be used in a relative sense. For 
the 2-in. casting (Fig. 7), the tem- 
peratures at various points come 
close together after approximately 
900 sec. The same holds true for the 
}-in. casting with no air gap (Fig. 8), 
whereas for the 4-in. steel with air 
gap (Fig. 9), the curves more nearly 
coincide only after approximately 
$000 sec. 

The temperatures in the steel 
when cast against the chill lie some- 
what farther apart, but after the 
initial period, the length of which 
again depends on the thickness of 
the steel, the differences are still not 
large. 

This may, in part, account for the 
opinion} that the constitution dia- 
grams as published do not hold for 
commercial foundry practice. The 
temperature differences between 
points near the surface and the cen- 
ter of the casting, particularly in 
sand molds, are so small that they 
lie almost within the accuracy of the 
measuring devices available in in- 
dustrial foundry laboratories. 

Comparing Figs. 8 and 9, it can 
be seen that the temperatures in the 
casting with and without air gap 


tPersonal communication by C. W. 
Briggs, Steel Founders’ Society of Amer- 
ica, Cleveland. 








are appreciably different at any 
given time. Take, for example, a 
time 2000 sec. after pouring. With 
no air gap, the temperature is ap- 
proximately 2170° F., 
20 sec. air gap, the temperatures in 
the casting are 2670 and 2590° F. 
Thus the time of formation of the 
air gap can be checked by measur- 


whereas with 


ing the temperature in the casting 
at a given location. The differences 
in these temperatures with air gap 
and with no air gap are so large 
that they can be measured with fair 
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accuracy and thus a check on the 
assumption of “no air gap” in sand 
casting can be obtained. 

In casting against chills, the dif- 
ferences are not so marked, but 
curves, which were taken on the 
heat and mass flow analyzer and 
were not included in this report, 
tend to indicate that, for casting 
against chills, this method of ascer- 
taining the air gap time is also 
promising. 

Heat Balance Between Steel and 
Sand. The experiments can be 
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Fig. 12—Same as Fig. 7 for 6-in. slab casting with 81 sec. air gap time and chill. 
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Fig. |3—Temperatures in sand for 2-in. slab casting at various distances and different 


times with no and 5 sec. air gap times for heat flow analyzer data. Superimposed are 
the temperatures measured by direct experiment’. 
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drawn by plotting the temperature 
distance relation at constant time 
(100 sec.) from the curves shown 
in Figs. 7 and 13, respectively. These 
curves are shown in Fig. 20. The 
curve for sand is shown for the elec- 
tric experiment as well as for the 
direct experiment. 

The heat balance yields the fol- 
lowing values: 
Loss of heat content of the 

steel, by electric analogy..2163 Btu. 
Gain of heat content of the 

sand, electric analogy ex- 

MTIINIIL, nc aceh caren spictanoh en 2410 Btu. 
Direct experiment .............. 1840 Btu 

In considering these figures, it 
should be kept in mind that, for the 
constant time curves, relatively few 
points are available and that a minor 
change in interpolation can yield 
considerably different answers. The 
heat gain curves for direct and elec- 
tric analogy experiments appear 
reasonably close and yet result in a 
heat gain 30 per cent apart. The 
calculations for loss and gain of heat 
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Fig. 14—Same as Fig. 13 for 4-in. slab casting. 250 


checked by calculating the loss of 
heat content of the casting and the 
gain of heat content in the sand for 
any given time alter pouring (in 
the chill experiments, the gain of 
chill and sand heat content would 
have to be calculated). A tentative 
heat balance of this kind was set up 
for the experiment S, for a time 
100 sec. after pouring. 

The temperature distributions in 


2000 


TEMPERATURE ~ °F, 


pendix 2. In, view of the difficulties 
in interpolation, the check appears 
to be satisfactory. 


Conclusions 

The electric analogy method ap- 
pears to be a promising tool, pro- 
vided that the necessary thermal 
properties are known and the prob- 
lem of air gap occurrence can be 
solved. There is reason to believe 
that it will be able to yield the 
answcrs to the various problems 
of solidification confronting the 
foundrymen. 

It appears to be possible to estab- 
lish with reasonable approximation 
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Fig. 15—Same as Fig. 13 for 4-in. slab 
casting with 20 sec. air gap time. 


+ TT 
—}—4— eae 
fe) 2000 4000 6000 8000 
Time 





THICKNESS OF SAND 10 IN. 

AIR GAP TIME 20 SEC. 
POURING TEMPERATURE 2645 °F, 
10,000 12,000 16,000 18,000 
— SECONDS 




















hile in 





SII OL. ohn MTA» 


ey 





. F.A. CommMitTTree Report 


CHAL 1.501 IW i | Reet ees 
FROM STEEL 1200 T CHL 3.3515 
Tt rT TTT From = sTeer 
1100 T —> +4 4 
+ H+ + +—>—4 - + 4 44-4 + , 
i SAND ~ CHILL 
. 1000 — : ; 
, t T T NTERFACE 
T 73. IN. FROM STEEL tli TT 
ae 900 me + ’ 
! > + + _ > > > 
te? 800 + + . * + > > > > > > > + * 
= = ° 
3 | THICKNESS OF STEEL a THICKNESS OF STEEL 6 IN 
ww 700 : 
; air T S AIR GAP TIME Bi SEC 
: 5 
. = 900 $+ —> --_+ + 4+ +++ + + 
z + ~ 
" a 
= soo 
+———4 , r 
FROM CHILL 
Snes 400 
sane 
300}- 
Bnadieeeliin -8G see 
SAND 3.4861 WN: 200 T 7 SAND 5.113 INZ 
+7F FROM CHILL _— $44.4 _4 oe, Cn 
100 oe oe | — 
, “TiR GAP > > ’ 7 ain” GAPT al apes GS eS Se oe eee Sw euw ree 
© 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 © 200 400 600 800 1000 1200 1400 1600 1800 20002200 2400 2600 2800 













































TIME - SECONDS 


one curve for sand casting and one 
for chill casting showing the freez- 
ing times as functions of thickness 
independent of total thickness of the 
casting. This approximation hoids 
better for small thicknesses than for 
large thicknesses and becomes pro- 
gressively poorer as the thickness 
increases. 

Complete solidification for any 
one casting branches off from the 
general curve. Figure 21 shows such 
general freezing curves. From this 
figure, it may be seen that an ade- 
quate chill speeds up complete 
solidification approximately in the 


Fig. |16—Temperatures in chill and sand for 
2-in. slab casting with 9 sec. air gap time. 


TEMPERATURE - °F. 


ratio | to 25 at least for slabs up 
to 4-in. thick; the 2-in. slab freezes 
in 55 sec. with chill and in 140 sec. 
without chill; the 4-in. casting 
freezes completely in 190 sec. with 
chill and without chill in 540 sec. 
The time of formation of air gap 
is of major influence in the case of 
chilled castings but of small influ- 
ence in the case of sand castings. It 
is not readily understandable why 
this should be the case. The air gap 
may be caused by the difference be- 
tween contraction of the casting and 
expansion of the mold. The con- 
traction of the steel is, of course, 
faster in the case of chill castings, 
but on the other hand the expansion 
of the chill is probably larger than 
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Fig. 17 (Left)—Same as Fig. 16 for 4-in. 

slab casting with 36 sec. air gap time. Fig. 

18 (Right)—Same as Fig. 16 for 6-in. slab 
casting with 81 sec. air gap time 


that of the sand. However, there 1s 
the possibility of the sand expand- 
ing because of the pressure of the 
air and other gas between sand 
particles*. 

As mentioned in the introduction 
this report is considered only as pre- 
liminary work and is intended pzri- 
marily to investigate the possibility 
of using the electric analogy method 
The author feels that this method 
is promising, but that, because o! 
the uncertainty surrounding physi- 
cal properties, further correlating 
experiments are desirable 
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Appendix | 
MODIFICATIONS OF ELECTRICAI 
ANALOGY METHOD WHEN 
APPLIED TO CASTING 
FREEZING PROBLEMS 
The basis of the electric analogy 
method has been published repeat- 
edly*. It will be assumed here that 
the reader is familiar with the 
method. For studying the freezing 


*Personal communication by P. E 


Landolt and C. R. Wiggins 
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Fig. 19—Influence of air gap time on freezing time of center of 4-in. slab casting using chill. 


of castings, however, several modifi- 
cations of the simple basic procedure 
were necessary. 

The heat of fusion, the change of 
properties between liquid and solid 
steel, and the necessity of measuring 
with fair accuracy a limited voltage 
(temperature) range at high volt- 
age (temperature) level offered spe- 
cial difficulties. 

The heat of fusion, which is lib- 
erated over a certain freezing range, 
acts as a temporary increase in spe- 
cific heat and was so represented. 
To facilitate the necessary changes 
in the circuit, special switch frames 
were built. 

The procedure of the freezing ex- 
periments is as follows: 

a. Build an electric circuit rep- 
resenting the casting. 

b. Build electric circuit represent- 
ing chill and/or mold. 

c. Provide for electric capacitors 
to represent the apparent increased 
specific heat (heat of fusion). 

d. Load the circuit representing 
the casting to a voltage (tempera- 
ture) corresponding to the pouring 
temperature. 

e. Load the heat of fusion capaci- 
tors to the voltage (temperature ) 
corresponding to the upper end of 
the freezing range (2700° F.). 

f. Connect the “casting circuit” 
to the “chill-mold circuit” or the 
“mold circuit” (C-experiments and 
S-experiments, respectively) . 

g. Observe the voltage drop in 
the “casting circuit” and the volt- 


age increase in the “chill-mold cir- 
cuit” or “mold circuit.” 

h. As soon as the voltage at any 
point in the casting circuit has 
dropped from the value correspond- 
ing to the casting temperature io 
that corresponding to the upper 
limit of the freezing range, the heat 
of fusion capacitor is inserted at this 
point of the circuit. 

i. The rate of temperature drop 
at this point now will be slower but 
will continue. When the voltage has 
reached a value equivalent to the 
middle of the freezing range 
(2650° F.), the resistors and capaci- 
tors of the casting circuit are 
switched from the values corre- 
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sponding to liquid properties t 
those corresponding to solid prop- 
erties. This results in a slight in- 
crease in rate of temperature drop 

j. When the voltage correspond- 
ing to the lower limit of the freezing 
range is reached, the heat of fusio: 
capacitor is taken out of the circuit 

It should be understood that al! 
three steps mentioned in A, 1, and | 
do not always occur in one section 
before first step in the next section 
starts. If, for example, the sections, 
starting from the interface toward 
the center, are numbered by 1, 2, 3, 
etc., and if the three changes are 
characterized by the letters used 
above (fh, i, j), then the following 
is a typical record of an experiment 
S,: 1h; 1t; 2h; 3h; 4h; 27; 5h; 6h; 
31; 7h; 8h; 9h; 10h; 42; 5i; 62; 1); 
7i; 82; 27; 92; 10%; 37; 47; 57; 67; 7): 
8); 9); 10j. 

The points 1 to 10 were at the 
following distance, in- inches, from 
the steel-sand interface: 0.0740, 
0.2222, 0.3704, 0.5184, 0.6926, 
0.8926, 1.0926, 1.3540, 1.6770 and 
2.000. 

After completion of the experi- 
ments, the electrical terms are trans- 
lated into heat terms. 

It has been mentioned previously 
that the accurate measurement of 
small voltage changes at a high level 
offered additional difficulties. These 
difficulties are similar to those en- 
countered in temperature measure- 
ments and are there overcome by 
“suppressing the zero.” A_ similar 
method was applied in the electri 
experiments. Instead of measuring 
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Fig. 20—Chart showing (left) temperature distribution in steel and (right) temperature 
distribution in sand 100 sec. after pouring 2-in. slab casting at 2845° F. 
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e voltage difference between any 
iven point and zero, an auxiliary 
was introduced. The 
rature difference between the 
int in question and the auxiliary 


ritage tem- 


ltage was determined. This method 
roved. to be entirely satisfactory. 
Thermal Values Used in Exper- 
ents. The electric experiments are 
ised on a knowledge of the thermal 
roperties of the materials. There- 
re, it is proper to give the values 
ised in the experiments and justify 
heir selection 
Thermal Conductivity of the Steel. 
Selected Values: solid, 18.4 Btu. /ft. 
r./° F.; liquid, 9.2 Btu./ft./hr./° F. 
[he National Bureau of Standards 
xives a value of 0.076 cal./cm./sec. 
C., which corresponds to 18.4 Btu. 
F. This figure checks with 
the values shown in the “Second 
Report of the Alloy Steel Research 
Committee of the (British) Iron and 
Steel Institute” ® and it was indicated 
that all steels seem to have con- 
ductivities between 0.06 and 0.08 
cal./cm./sec./° C., at a temperature 
700 and 900° C. Lacking 
more accurate data, the value given 


ft. /hr. 


between 


in reference 8 was selected. 

No value for conductivity of liquid 
steel can be found in literature. J. B 
Austin 


(personal communication ) 


advises that based on study of all 


ivailable data, a conductivity of one- 
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Fig. 22—Temperature of steel and chill facing air gap in various size slab castings. Also shown 
is h, air gap conductance (by radiation) at respective steel and chill face temperatures 
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Fig. 21—Effect of chill and no chill on rates of freezing of various 


thicknesses of steel. 





half the value of solid steel. namely 


9.2 Btu./ft./hr./° F., appears rea- 
sonable. 

Specific Heat of Steel. Selected 
Values*: solid, 0.165 Btu. /lb./° F.; 
liquid, 0.200 Btu./Ib. F. Au‘tin 
(personal communication) recom- 
mended 0.144 cal./gram/° C., for 


solid steel and 0.180 for liquid steel. 
From Table 45 in the previously- 
mentioned “Second Report”®, it ap- 
heat 


and 


pears that the mean specific 
various 
50° C. drops from 0.168 cal./gram 

C., at 850° C. to 0.1156 at 100 
C. However, between 850 and 750‘ 


between temperatures 


C., there is but little change. Values 
drop from 0.168 to 0.163 cal./gram 

C. Umino*® 

Inasmuch as it is not expected that 


quotes similar values. 


the temperature at any point in the 
steel would drop during the solidifi- 
cation period to values below 700 
C. (1292° F.), the value, from refer- 


*One Btu./lb./° F 
cal. /gram/°C. 


mean one gram- 











100 


ence 9, was taken to be 0.165 Btu./ 
lb./° F. The specific heat for liquid 
steel was increased, as compared 
with Austin’s recommendation, io 
keep the ratio of liquid to solid 
specific heat approximately in the 
magnitude indicated by Austin. 

Density of Steel. Selected Values: 
solid, 468 |b./cu. ft.; liquid, 450 Ib. / 
cu. ft. Austin (personal communica- 
tion) suggested values for solid steel 
of 7.483 grams/cm.* and for liquid 
steel of 7.2 grams/cm*. Steel No. 3 
in the above-mentioned “Second 
Report’ mentions a density of 7,859 
grams/cm® for steel at 15°C. The 
coefficient of linear expansion for 
(0.22 per cent carbon steel is 0.1316 X 
10°* from 20 to 1000° C. and 0.1248 
< 10°* from 20 to 900° C.(Driesen"). 
The volume increases with the third 
power of the linear expansion and, 
therefore, based on the information 
in the “Second Report,” the density 
at elevated temperatures would be 
7.56 grams/cm*. In the experiments, 
the mean between this value and 
the value given by Austin was taken, 
namely 7.5 grams /em*=468 lb./cu. 
ft. The value for liquid density was 
kept unchanged as recommended by 
Austin. 

Heat of Fusion. Selected Value: 
126.2 Btu./lb. Powell’* indicates a 
value of 3900 cal./gram mol. This 
corresponds to the selected value 
given above. 

Freezing Range. Selected Value: 


2700-2600° F. These values have 
been taken from the constitution 
diagram. 


Pouring Temperature. Agreed 
upon before start of the experiments : 
2845° F. For the chill, the “solid 
properties” of the casting were taken. 
The sand properties appear surpris- 
ingly hard to find in literature. It 
would appear that determination 
should not offer major difficulties. 

Conductivity of Sand. Selected 
Value: 0.9 Btu./ft./hr./° F. Chwor- 
inoff* mentions a conductivity of 
0.65 Btu./ft./hr./° F. for sand hav- 
ing a density 15 per cent higher than 
the use used in the present experi- 
ments. Reducing the density to the 
values used here would lead to still 
lower conductivity because, in gen- 
eral, the conductivity decreases with 
the density. Norton’® shows three 
curves of conductivities for silica. 


The conductivity values vary from 
0.6 Btu./ft./hr./° F. (for 400° F.) 
to 1.3 (for 2400° F. temperature). 


These values are the mean of the 
three curves mentioned before. Al- 
though it is not so stated specifically, 
it was believed that Norton’s recent 
curves refer to brick rather than to 
sand. In view of the uncertainties 
concerning conductivity of sand, an 
average value (0.9 Btu./ft./hr./° F.) 
of Norton’s most recent figures was 
taken without making an attempt to 
introduce into the experiments a 
higher conductivity for the sand 
neighboring the interface than for 
the sand farther away from the in- 
terface. 

Specific Heat of Sand. Norton’ 
indicates that the specific heat of 
silica varies from 0.28 Btu./Ib./° F. 
at 2200° F. to 0.23 Btu./Ib./° F. at 
1100° F. In view of the high tem- 
perature near the interface, a value 
of 0.28 Btu./Ib. was selected. 

Density of Sand. Selected Value: 
93.6 lb./cu. ft. This value is the 
average of that used in the foundry 
where the bleeding tests were carried 
out. 

Air Gap Resistance. Undoubtedly 
the air gap occurring in the solidifi- 
cation of metals is so small that the 
heat exchange between the solidify- 
ing metal and the chill or sand 
occurs by radiation only, because in 
a space so small, no convection can 
occur. Since the casting is sur- 
rounded on all sides by the cooling 
material, it probably is permissible 
to consider the radiation as black 
body radiation only. The exchange 
of heat by radiation between two 
black bodies is proportional to the 
fourth power of the absolute tem- 
perature. 

Because of change of the face 
temperatures on either side of the 
air gap, the possibility had to be 
considered that the difference of the 
fourth powers might change with 
time so much that the air gap re- 
sistance would have to be varied 
during the experiment. The experi- 
mental procedure was such that an 
air gap resistance based on prelimi- 
nary experiments was estimated and 
then it was ascertained if this as- 
sumed value was a fair representa- 
tion of the actual air gap resistance. 


Conductances 
In heat terms, it is customary to 
speak of conductances rather than 
of resistances, the conductance being 
the inverse value of the resistance. 
To determine the air gap con- 
ductance, temperature charts were 





Heat TRANSFEEF 


determined for tht temperatures o 
both air gap faces. These tempera 
tures, for experiments C,, C,, anc 
C,, are plotted against time in Fig 
22. The curves do not start wit! 
zero time because the steel tempera 
ture drops very rapidly from 2845 
F. to the starting value of the curves 
whereas the chill surface increase: 
from 70° F. to the same value. 

Theoretically, if there is no con- 
tact resistance before the air gap be- 
comes active, this decrease and in- 
crease occur in infinitely short time 
For the air gap, only the tempera- 
tures starting from this point are of 
interest, and therefore only these ar: 
plotted in Fig. 22. 

Based on these temperatures, the 
appropriate boundary conductances 
were determined by using the curves 
shown in Fig. 27 of McAdams’ 
book** on heat transmission. These 
values are plotted as A in Fig. 22. 
Fortunately, h changes but little 
with time so that it is not necessary 
to change the air gap resistance dur- 
ing the experiment. Moreover for 
the three different steels, the values 
lie close together and therefore a 
uniform value of h=67.6 Btu./sq 
ft./hr./ © F., was selected. 


Appendix 2 


Heat BALANCE BETWEEN STEEL 
AND SAND (EXPERIMENT S,) 


The left half of Fig. 20 shows the 
temperature distribution in the stee! 
100 sec. after pouring, the values 
being obtained from Fig. 7. The 
right half of the picture shows a 
cross curve of Fig. 13 and gives the 
temperature distribution in the sand 
100 sec. after pouring. The right 
half contains two curves, one based 
on the electric analogy method 
(solid line) and the other based on 
the direct measurements (broken 
line). 

It is interesting to see that the 
differences between the two methods 
of investigation which appeared 
large in Fig. 13 are small in the 
constant time curve in Fig. 20. 

To carry out the heat balance 
the steel temperature curve wa: 
divided into four parts marked A 
B, C, and D. Part A stretches fron 
the center to the point which jus’ 
has reached the upper range o! 
freezing temperature (2700° F.) 
Part B extends from this point t 
that which just has reached the 
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Table 11 


Steps IN CALCULATING Heat CONTENT FROM Fic. 20 

















Part Step 
l 
A 1 0.562 > 12” (2845 
l 
B 1 0.248 » 72” 2845 
9 ly 270 
2 0.248 » 12 x (2700 
a ty 
Cc 1 0.170X75° . (2845 
Ms # 
2 0.170 12 X< (2650 
1 \ I - 
3 0.170Xx75x (2700 
‘\ I ‘ c = 
D 1 0.02 xX 12 < (2845 
l \ ts 
2 0.02 x 12 x (2650 
wl ect 
3 0.02 > [2 * (2700 


(Shown in the text as 2163 Btu.) 





2716.7) X450X0.2 541.0 
2675) X 4500.2 316.3 
enon \% . 126.1 - 

- 2675) X 450» 100 294.8 
2650) * 4500.2 248.8 
2625) 468 X0.165 27.4 

_, 126.1 : 

2625) 450 603.5 

100 
2650) * 4500.2 29.3 
2597.5) X 468 0.165 6.8 
126.1 
2600 ) X 450 x ——— 94.7 


100 


2162.8 Btu 








mean temperature of the freezing 
range (2650° F.) where the proper- 
ties for “liquid” were changed to 
“solid.” 

The third part, C, goes from this 
point to where the steel just has 
reached the lower limit of solidifica- 
tion (2600° F.). The last part ex- 
tends from this point to the inter- 
face. For each part, the mean tem- 
perature was established. The values 
are as follows: Part A, 2716.7° F.; 
Part B, 2675° F. Part C, 2625° F.; 
Part D, 2597.5° F. 

For each part, the total tempera- 
ture drop from the original 2845° F. 
to the mean values quoted above 
was divided into steps according to 
the various specific heat values pre- 
vailing in the different ranges. 

Section A was entirely within the 
range of “liquid properties.” Section 
B had to be treated in two steps, 
one for the specific heat which is 
entirely within the liquid range and 
one for the heat of fusion which is 
given off between 2700 and 2650° F. 

Part C was treated in three steps, 





one from 2845 to 2650° F. (liquid 
properties), one from 2650 to 2625° 
F. (solid properties), and one from 


2700 to 2625° F. (heat of fusion). 


Part D was treated in three steps, 
the first reaching from 2845 to 2650° 
F. (liquid properties), and the next 
from 2650 to 2597.5° F. (solid prop- 
erties), and the third from 2700 to 
2600° F. (heat of fusion). 


The procedure will be clearer 
from the tabulation (Table 11) 
showing how in each part and step 
the heat content has been calculated. 
In the multiplications, the first figure 
shows the thickness in inches of the 
part (A, B, etc.); the next figure 
(5 )serves to change over to feet; 
in the brackets the temperature dif- 
ference in ° F. is shown, which ap- 
plies to the respective step. Then 
follows the density in lb./cu. ft. and 
the specific heat (0.2 Btu./lb./° F. 
for liquid steel; 0.165 Btu./lb./° F. 
for solid steel. 


Heat of fusion is reduced to 
“specific heat” by dividing the heat 








101 










lb., by the tem- 
100° F., over 
which the heat of fusion is given up 


of fusion, 126.1 Btu 
perature difference, 

The heat gain of the sand was 
determined by integrating the area 
under the temperature-spac e curve 
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Fig. |—Sketch showing conventional molding method for blank gear 
casting—open riser at each spoke junction and bottom gate. Fig. 2 
—Radiograph of rim section at a spoke junction shown in Fig. |. 























The Advantages 
and Limitations of 


GAMMA-RAY RADIOGRAPHY 
on 


SMALL STEEL CASTINGS 


HE use of gamma-ray radiography as a tool for 

non-destructive testing in the small steel foundry 

is becoming more prevalent. It is a new process 

ind has reached its present volume primarily because 

of war production demands. Previous to that time it 

had been viewed with fear and skepticism, even to the 
point where some producers refused to consider it. 

A few foresighted foundry executives early recognized 

its possibilities and, when it became a necessity in the 















*Improved methods of application and better 
understanding of interpretation standards have 
resulted in wide acceptance of radiography as an 
inspection tool and as a means of developing 
techniques to assure perfection of castings. 


By R. H. Frank, 
Chief Metallurgist, Bonney-Floyd Co.., 
Columbus, Ohio 


oduction of certain types of castings, were well paid 
for the knowledge their personnel had gained in pre- 
vious years, not only from the standpoint of having 
xperienced radiographers in their organization but also 
in its use and interpretations for foundry technique. 
Slow acceptance of gamma-ray radiography in the 
industry is not altogether due to the foundries them- 
selves. The promulgators of the process endeavored to 
introduce their technique too fast and in so doing, as 
is the American way when one is told he must do 
something, they received very little encouragement. 
The main source of the objections, disregarding the 
cost, was in the interpretation of the shadow markings. 
Who was to say what a certain image on the film was 





Fig. 3—Same casting shown in Fig. | but with three large risers 
placed between spokes. Fig. 4—Severe shrinkage shown in gate 
section of gear casting gated as shown in Fig. 3 
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and what it meant, that is, as far as 
the serviceability of the castings was 
concerned? There were no standards 
for comparison and comparatively 
few persons who could intelligently 
interpret the images. Analogous to 
the early situation in radiography is 
the recent attempt to introduce 
magnetic particle testing into the 
foundries without a sound basis of 
interpretation and customer require- 
ments. 

While the names of Mehl, Barrett 
and Doan are associated with the 
early developments in gamma-ray 
radiography, the work of Briggs and 
Gezelius' probably had more to do 
‘vith the introduction of this process 
in the foundry industry than any 


Fig. 5—Casting with risers same as in Fig. 

3 but with reduced section at rim junction. 

Fig. 6 (below left)—Shrinkage in gate sec- 

tion of casting shown in Fig. 5 due to in- 
sufficient feeding. 


other. Their publication was the first 
discussion dealing entirely with steel 
castings. 

Later in the same year these 
authors, in a private publication 
from the Naval Research Laboratory 
entitled “Instructions for Radiog- 
raphy with Radium,” gave the in- 
dustry its first working knowledge 
for the use of radium. Their basic 
instructions are still used, but in the 
intervening years many others have 
contributed improvements and ad- 
vancements. Both the Army and 
Navy have issued radiographic 
standards for the inspection of steel 
castings, and the ASTM through 
Committee E7 has published “Tenta- 
tive Methods of Radiographic Test- 
ing of Metal Castings” (E15-39T). 

Radiography, like all other testing 
methods, is not foolproof; it has its 
limitations and no one can say that 
it is 100 per cent correct. However, 
if one is to achieve the best results 





GAMMA-RAY RADIOGRAPHY 


it is necessary to be thoroughly ac- 
quainted with the technique, with 
strict adherence to details and inter- 
pretation. 

It is not within the scope of this 
discussion nor is it the intention to 
elucidate in detail the accepted tech- 
nique for the making of gamma- 
ray radiographs. These requirements 
have been fully explained by Briggs 
and Gezelius,’ 7 * Mehl,* Doan and 
Young,* * Woods,’ Morrison and 
Nodwell,? Taylor,? Radium Chem- 
ical Co.,’° and others. 


As previously mentioned, interpre- 
tation seems to be the main source 
of contention between consumer and 
producer inspectors, even by refer- 
ence to a set of standards. This 


Fig. 7—Drawing of gear casting showing 
change in design to overcome shrinkage. 
Fig. 8 (below right)—Radiograph showing 
that shrinkage has been eliminated in rim 
section at former intersection (Fig. 7). 























Fig. 9—Considerable shrinkage still present in gate section (see Figs. 7 and 8). 


situation is natural and is to be ex- 
pected, but it is doubtful if any 
serious disagreement would arise 
which could not be settled with satis- 
faction to both parties. 

From the author’s experience, 
most difficulties at the start arose 
within the shop personnel. Many 
times the skeptics had to be shown 
by dissecting the casting or carefully 
chipping the area, as shown on the 
film, so that the defect was revealed. 
However, it was not long before 
even the most doubtful were con- 
vinced of the value of radiography 
for the production of better castings. 


At the present time there is a 
competitive situation between the 
foundry technicians, several inspec- 
tors and the cleaning room foreman 
as to which castings will be radio- 
graphed first, and sometimes it is 
necessary for the general manager 
to determine an order of preference. 

Again, it is not the intention to 
enter into any discussion as to the 
relative merits of gamma-ray versus 
x-ray radiography. Both have their 
place in the industry and are more 
or less interchangeable. Radium is 
portable, economical, requires no 
elaborate machinery, lends itself to 





batch operation, requires less shield- 
ing and has more latitude. 

On the other hand, x-rays are 
much faster and more sensitive, 
especially in the thinner sections. 
While the foundry in the future may 
use both sources, it is believed that 
radium will continue to be the most 
popular, except in those cases where 
it would be possible to use fluoro- 
scopic methods, in which field the 
x-ray, at the present time, is the 
only means of supplying the energy. 

Originally, radiography was de- 
veloped as an inspection tool for the 
ultimate consumer to determine 
hidden flaws or defects in order to 
preclude the possibility of service 
failures. In this way the necessary 
repairs or rejections could be accom- 
plished before serious damage re- 
sulted. 

While this is still the practice, 
many foundries have taken it upon 
themselves to use radiography as a 
means to develop technique where- 
by such defects are eliminated by 
the examination of pilot castings. 
It may be mentioned here that the 
Navy, upon request, will furnish 
radium to be used for this purpose 
on their own castings. The avail- 





ability of a unit is limited to its need 
for final inspection and is subject 
to recall without advance notice. 

The former method for finding 
these defects was to destroy the cast- 
ing by cutting it into small sections 
and examining these pieces visually 
On small castings this was not very 
difficult and fairly rapid, but there 
was still no assurance that the part 
was sound since, unless very thin 
sections were cut, a flaw could exist 
between cuts and not appear on the 
surface, thereby giving a false sense 
of security. While such flaws as 
shrinks usually can be suspected in 
certain areas, they do not always 
appear in that section due to care- 
less operators or pouring technique 

The cutting of large castings is 
time consuming, laborious, expensive 
and a much less secure method than 
in the case of smaller castings. With 
radiography the casting does not 
necessarily have to be destroyed, if 
defects are found, since in most cases 
it is possible to repair the affected 
area and make the necessary changes 
in heading and gating for subsequent 
elimination of the defect. If speed 
is essential, radiographic inspection 
can even be accomplished before the 
risers are removed. 

Probably the best way to illustrate 
the use of radiography as a non- 
destructive method for the develop- 
ment of foundry technique is to cite 
examples or case histories. The case 
of a large blank gear will be fol- 
lowed. 


Gating and Risering 

These blank gears were about 6 ft. 
in diameter with a 12-in. face. They 
were designed with six spokes and 
an open or window-type web, as 
shown in Fig. 1. The molding 
method was convential, that is, an 
open riser at each spoke junction 
and a bottom gate. 

The six risers were considered as 
necessary due to the heavy metal 
section at the junction of the spokes 
with the rim. It is essential that 
these areas be solid because the bot- 
tom of the teeth is about | in. below 
the cast surface, and if there are 
anv shrinkage cavities the teeth will 
be weakened. With this molding 
method no shrinkage troubles were 
encountered. 

While the entire rim was radio- 


This paper was secured as part of the 
1945 “Year-’Round Foundry Congress” 
and is sponsored by Steel Division, A.F.A. 
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Fig. 10 (above)—View of gear 


shrinkage in gate section of rim. 


avercome by 





casting showing change in gate position to eliminate 
Fig. |! (below)—Shrinkage in gate section has been 
change in gate position (Fig. 10). 


GAMMA-RAY RADIOGRAPHY 


graphed, it is not deemed necessary 
to display all of the films. In this 
and the following examples the in- 
ternal structure of the junctions fo: 
each set is fairly constant, so on 
typical example should be sufficient 
for this purpose. Figure 2 shows 
one of these sections for this mold 
ing method. 

In order to increase the yield, th: 
idea was conceived that proper feed- 
ing of the spoke junctions could b 
achieved with three larger risers 
spaced between the spokes, as shown 
in Fig. 3, the theory being that on 
riser would feed two junctions 
Radiographic inspection quickly dis- 
proved this assumption as sever 
shrinkage was found at the intersec- 
tions (Fig. 4). 

While this is the radiograph of th: 
gate section and much more shrink- 
age is shown at the hot spot (top 
of film) created by the gate, it still 
is typical of the other intersections 
There should be no question but 
that, considering the service of these 
gears, this casting is unsatisfactory 
and even the most lenient foundry- 

















in would quickly discard this 
olding method. 

It is a well-known procedure 
mong foundrymen that decreasing 
he metal section at the intersection 
f two or more ribs will lessen the 
ropensity toward shrinkage in that 
irea since it would be more uniform. 
Following along these fundamentals, 
t was suggested that the spokes be 
onstructed at the rim junction, as 
shown in Fig. 5, and a casting was 
nade according to this design. 








g. I+—Shrinkage in large motor shell cast- 
3 which had two large pole pieces on 
de. No riser was used for feeding pole 
pieces inside of motor shell. 









Fig. 12—Radiograph showing that "tight" plug fitted into 
wall section of casting was not satisfactory. 





13—Same 
been 


Fig. 





Here again the films showed that 
this reduction in section was insuffi- 
cient for these risers to properly feed 
the intersections. Severe shrinkage 
was found, as shown in Fig. 6. As 
in the previous example, this is the 
gate section and shows considerable 
shrinkage, for reasons explained, but 
is still symbolic. Needless to say, this 
method was quickly discarded be- 
cause of the results obtained in this 
one casting. 

Following along the same line of 


Fig. 1!5—Unfused chill in same section 
shown in Fig. 14. 











section shown in Fig. 12 after plug hed 
removed and the hole welded 


reasoning as before, the next design 
change was to divorce the intersec- 
tions completely except, of course, 
at the web. In this manner the rim 
section was made as uniform as pos- 
sible under the circumstances, as 
shown in Fig. 7. The radiographs 
showed (Fig. 8) that the rim at the 
former intersections was now solid, 
but that the gate section (Fig. 9) 
still contained a considerable amount 
of shrinkage. 


Up to this point no one had ques- 


Fig. 16—Use of a pressure riser eliminated 
shrinkage (Figs. 14 and 15). 
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Fig. 17 [top)—Radiograph of ring casting secflon. No sirinkage present. Overall height, 12 1n. 
Fig. 18 (bottom)—Ring casting section, overall height, 11'/2 in. No shrinkage shown in casting proper. 





tioned the interpretation of the films. 
However, when this casting was de- 
termined to be solid with the excep- 
tion of that section near the gate, 
doubt was loudly expressed by a 
number of the foundry technicians. 
While the casting did show a few 
surface imperfections at this point, 
the radiographer held to the original 
interpretations that the shadow 
markings were internal defects or, in 
other words, shrinkage. 

Proof was established by burning 
out this section with the carbon arc. 
This one instance, which happened 
. number of years ago, was the turn- 
ing point for the skeptics in this 
foundry. 

The logical step to follow in 
chronological order was to change 
the position of the gate, since the 
original purpose had been realized. 
(his was accomplished by gating 
into each riser at the joint, as shown 
in Fig. 10. Because there was no 
‘crinkage in the previous design, ex- 


Fig. 19—Another ring casting section, overall height 12 in. Radiograph shows severe 
shrinkage or hot tears extending far down into casting. 


cept at the gate, none was expected 
by this method, and this assumption 
is clearly evidenced by a typical 
junction, as shown in Fig. 11. Need- 
less to say, this method was then 
adopted for production. 

An interesting application hap- 
pened several years ago when the 
foundry was called upon to make a 
strainer casing for service under high 
temperature and pressure. Since no 
core shift could be tolerated, it was 
thought necessary to hold the large 
core in place by a heavy rod anchor 
extending through the cope. 

It was known that the anchor 
would have to be removed and the 
casting repaired, but the engineers 
said they could make a threaded 
plug so tight that it could not be 
found. After drilling out the anchor 
rod the hole was threaded and a 


plug fitted into the center of the 
wall section, leaving a depression of 
approximately %4-in. on each side to 
be welded. 

The radiograph, as shown in Fig. 
12, revealed just how tight this 
“tight” plug fitted. Of course, this 
could not be permitted, so the plug 
was removed and the hole welded 
by placing a backing strip on the 
inside. The radiograph (Fig. 13) 
then showed an acceptabie and uni- 
form structure. Incidentally, the 
anchor method was quickly dis- 
carded and other means used to hold 
the core in a central position. 

Another pattern was for an en- 
closed type motor shell which had 
two large pole pieces on the inside. 
These were in such a position that 
it was almost impossible to reach 
them with an open riser, and in- 
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Fig. 20—Example of misleading radiograph. Appearance 
of pinhole porosity was due to use of faulty film. 





Fig. 21—Another radiograph of same section shown in 
Fig. 20 shows slight centerline weakness but no porosity. 








volved considerable pattern expense 
and time to provide a blind riser. 
Since they were fairly large castings 
and it was not wished to destroy 
any, it was decided to make two 
molds, one without any feeding at 
the pole pieces and one with an 
internal chill. 

The radiographs, Figs. 14 and 15 
respectively, determined that neither 
method would be satisfactory since, 
as was expected, the one showed a 
large shrink and the other the un- 
fused chill. There was then only one 
method left, and that was to provide 
a pressure riser. Figure 16 shows 
that this should have been done in 
the first place, regardless of time 
and expense. 

Even after the radiograph reveals 
the presence of internal defects it is 
not always possible to immediately 
diagnose the trouble so that a sub- 
sequent occurrence will be pre- 
vented. A ring casting of 36-in. 
diameter, 3'4-in. thickness and 6-in. 
height had been in production for 


some time without any shrinkage 
troubles being experienced. 

It was designed with an open ring 
riser bottom gate and the mold filled 
from the gate, i.c., no metal was 
poured into the riser. Not long ago 
three of these rings were cast in the 
same heat and, as far as could be 
ascertained, all had been poured in 
a conventional manner. Since these 
castings are shipped to the customer 
without removing the riser, they of 
course are inspected with the riser 
attached to the casting. 

An alert inspector noticed that 
the shrinkage cavities in one of the 
risers looked deeper than in the 
others. Visual inspection and insert- 
ing wires seldom give the true depth 
of these cavities. Furthermore, since 
the customer removed the riser, the 
foundry did not wish to deliver a 
defective casting, so it was decided 
that the quickest and least expensive 
method to determine the depth of 
the shrinkage was to radiograph 
these castings. 


As in previous examples, it is not 
deemed necessary to exhibit all of 
the films, so only one radiograph on 
each casting will be used to demon- 
strate the problem. The first ring. 
with an overall height of 12 in. from 
the bottom of the casting to the top 
of the riser, did not have any shrink- 
age in the casting proper, as is shown 
in Fig. 17. The second ring, as is 
shown in Fig. 18, while it showed 
no shrinkage had an overall height 
of only 11% in. 

The third ring, with an overall 
height of 12 in. (Fig. 19), exhibited 
severe shrinkage or hot tears which 
extended far down into the casting 
While the cause of this anomaly is 
still being discussed, with no logical! 
answer as yet forthcoming, it cer- 
tainly demonstrates the use of radio 
graphy for maintaining a supplier 
integrity. 

Sometimes the interpreter may ! 
misled by his own films unless ! 
is very careful, as in the followi: 
case. A light, cup-shaped casti: 
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th four protruding feet was radio- 
iphed to determine the solidity 
the junction. One of the feet, as 
wn in Fig. 20, was interpreted at 
t as showing fine pinhole porosity, 
t the others were clear. 
The foot itself occupies only the 
ht rectangular portion of the film. 
vere being some question as to the 
ise of the porosity in one foot 
d not the others, the film was 
ain placed on the viewing box. 
his time, possibly because the 
ieostat was turned higher, thereby 
reasing the light-intensity, the 
ume type of shadow markings was 
bserved on the film in the area out- 
ide of the casting or, so to speak, 
) the air. 
Another radiograph was taken im- 
iediately (Fig. 21), which showed 
‘thing but a slight center-line 
eakness. The only difference be- 
ween the two radiographs was the 


lm, and it had been taken from 
the same box. No satisfactory ex- 
planation has as yet been found, 
even after submitting the films to 
the manufacturer. 


This illustration is given only to 


erve as a warning to the observe: 


» that he will not be too hasty in 
interpretation of the shadow 











Fig. 23—Same section shown in Fig. 22 appears very clearly on “Type A” film under 
conditions of strong illumination. 


markings. It might also be men- 
tioned at this point that it is good 
policy to mark the surface imper- 
fections with small arrows before ex- 





Fig. 22—Example of method using two films of different speeds in the same holder. 
Film density for 3%4-in section when exposed for 2%-in. section is entirely too high for 


proper interpretation on this ‘no screen” film. 


posing the film. This partially elimi 
nates controversy as to whether a 
shadow marking is external or in 
ternal, and helps immensely in locat 
ing internal defects so that they can 
be marked on the surface for sub 


sequent removal and repait 


Exposure Methods 

Che satisfactory showing of wid 
variations in thickness by one ey» 
posure has always been a problem 
The first method used was to expose 
two films of the same speed in on 
holder and reduce the exposure time 
by approximately 40 per cent. The 
thicker sections were then viewed 
through the two films superimposed 
upon, each other, and the thinner 
sections through one film, but the 
method was not entirely successful 

The high-intensity illuminator with 
a variac control has been used with 
considerable success for a number of 
years. With this method only one 
film is exposed to conform to the 
greater thickness and the denser 
portion of the film viewed with 
the high-intensity illumination. The 
latest innovation is the use of two 
films of different speeds in the same 
holder. We are indebted to Seeman 
and Corney™ for the suggestion, to 
Taylor ® for the actual development 

By a combination of the last two 
methods we are able to observe wide 














Fig. 24—The double film-different speed method applied to casting section thicknesses of I!/, 
in. and 3% in. Exposed for the 334-in. thickness, only faint differences in density for the thin 


portion appear on the 


variations with one exposure. Figures 
22 and 23, using films of different 
speeds, show a small casting with 
the thickness ranging from 34-in. to 
23g-in. (“no screen” and “Type A” 
film respectively). The 34-in. metal, 
when exposed for a 234-in. section, 
gives a film density entirely too high 


"no screen” 


for proper interpretation on the “no 
screen” film but shows very clearly 
on the “Type A” film. 

Since the casting (Fig. 23) showed 
no internal flaws, probably a better 
illustration of the double film-dif- 
ferent speed method would be one 
where imperfections were detected 


film under strong illumination. 


in the thinner section. 


Aree ilg, 


The radi 


graph of a section of a high pressure 


turbine casing, coming under Cla 


2 Navy Standards, is shown in Fi 


24 and 25. The difference in thic] 


ness depicted in these two films \ 


1%4-in. and 334-in. and the sa 


fy 


types used as before, exposing 


Fig. 25—Gas holes appearing in same section shown in Fig. 24 on “Type A” film under 
ordinary illuminating conditions. 
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e 334-in. thickness. 
Figure 24 is the “no screen” film, 
id under the strongest light avail- 
le, namely, two no. | photofloods, 
ily faint differences in density 
uuld be observed in the thin por- 
on. Figure 25 is the “Type A” film, 
id under ordinary light numerous 
as holes can be clearly seen. With- 
ut this double-film method it would 
ave been necessary to make another 
xposure for the 14%-in. section. 
While the author has used this 
iethod for only a short time, it is 
believed that it has wide possibili- 
ies. There are a number of other 
ombinations of different-speed films 
that can be used and which it is 
intended to try. In the last illustra- 
tion shown there was a difference of 
2% in. between the wall thickness, 
but it is probable that with the 
proper films differences of 4 in. can 
be shown with satisfactory density. 


Conclusion 

In concluding, it might be said 
that there are numerous other ex- 
amples of radiography for the de- 
velopment of foundry technique, not 
only in this shop but in many other 
places. The value of this method is 
clearly evidenced by the few ex- 


amples cited. Without the use of 


radiography, the development of 


these castings would have been time 
consuming and expensive since it 
would have necessitated their de- 
struction by sawing or machining for 
visual examination. It would not 
only have been dangerous but per- 
haps have caused a loss of prestige 
and valuable machining time if these 
castings had been delivered without 
examination. 

In a certain bureau of the govern- 
ment there is a saying that it is bet- 
ter to protect than detect. This 
surely can be applied to the foundry 
industry, since it would be much 
better for the producer to protect 
himself by radiographic inspection 
than to have the imperfection de- 
tected by the consumer. Radiography 
may have been a burden at one 
time, but it is now a necessity and 
is here to stay. 
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Comparison of the Common American and European 


Magnesium Casting Alloys 


By L. W. Eastwood, Assistant Supervisor, James A. Davis and 


James DeHaven, Research Engineers, 


Battelle Memorial Institute, Columbus, Ohio 


* As part of the general peoames proses by the Office of Produc- 
° 


tion Research and Deve 


pment of the War 


roducticn Board, and 


under the guidance of the Office of Scientific Research and Develop- 
ment, an extensive investigation of the properties and characteristics 
of the most commonly used American and European magnesium cast- 
ing alloys was conducted and is presented comparatively. 


HE initial development of 
the magnesium casting indus- 
try must be largely credited 
to Germany. This initial develop- 
ment was carried to England and 
to the United States where the in- 
was further developed but 
along slightly directions. 
Probably the outstanding divergence 


dustry 
different 


lies in the selection of alloys. 


The three most widely used Euro- 
designated AZG, 
Initially, binary 


pean alloys are 
A-8, and AZ-91 


magnesium-aluminum alloys were 
used, but in recent years the Amer- 
ican casting industry has been de- 
veloped largely around two alloys, 
ASTM-4 and ASTM-17, the former 


being similar in comparison to the 
European alloy known as AZG. 


Four Alloys Used 

ASTM-4 alloy has been by far the 
most popular casting alloy in the 
United States. The second alloy 
widely used and known as ASTM- 
17 is not generally used in European 
foundries, excepting experimentally. 
Since the composition of ASTM-4 
and AZG are similar, there remain 
but four different compositions 
which represent the chief casting 
alloys of this country and Europe. 
Typical compositions of these four 
alloys are shown in Table 1. 

It will be noted that all of these 
compositions contain aluminum as 
the principal alloying constituent, 
and that they all contain similar 
amounts of manganese, which is 
added to increase the resistance of 


the alloys to corrosion. The main 
differences lie in the zinc content. 
While these composition differences 
are not great, it will be shown that 
there are considerable and very im- 
portant differences among the four 
alloys. 

It should be noted at this point 
that Britain definitely discourages 
the use of AZG, the ASTM-4 com- 
position, for high-quality aircraft 
castings where high strength is im- 
portant. Britain specifies the AZ-91 
composition, heat treated and aged, 
where high yield strength is re- 
quired. Where a high degree of 
ductility and toughness, as in land- 
ing wheels for aircraft, is required, 
the A-8 composition in the heat- 
treated condition is specified. 

The ASTM-4 composition, widely 
used in the United States for air- 
craft parts, is not considered to be 
sufficiently reliable to warrant its 
use for these critical parts. It 
should also be noted at this point 
that investigations of German air- 
craft shot down during the war show 
that the A-8 and AZ-91 composi- 
tions are both widely used for cast- 


ing purposes. The AZG or ASTM-4 





Table 1 


MAGNESIUM ALLOY COMPOSITION 


Alloy Components, per cent— 
Designation Al Zn Mn 
AZ-91 9.6 0.4 0.2 
A-8 8.0 0.4 0.2 
AZ or ASTM-4 6.0 3.0 0.2 
ASTM-17 9.0 2.0 0.2 





composition is used to a relatively 
small extent and then generally fo: 
unstressed parts, in as-cast condition 
As a part of the project spon 
sored by the Office of Production 
Research and Development of the 
War Production Board at Battell: 
a comparison of the four alloys wa 
undertaken in respect to: 

1) Tensile properties of  sep- 
arately cast bars; (2) tensile and 
Charpy impact properties at roon 
temperature and at —/5°F.; (3 
fatigue limit; (4) susceptibility t 
hot shortness or hot cracking; (5 
susceptibility to the occurrence o! 
microporosity; (6) resistance to co! 
rosion and the effecis of iron content 
upon this resistance; (7) amenabil 
ity to heat treatment; (8) solidifica 
tion range; (9) leak tightness; (10 
amenability to degassing operations 
and (11) amenability to grail 
refining operations. 


Comparison of Tensile Properties 

The tensile properties, namel) 
ultimate strength, yield strength, an: 
per cent elongation, were obtained 
on separately cast bars shown by 
Fig. 4 of Reference 1. This test 
casting is the four-bar type recon 
mended by the Dow Chemical C« 
The melts were prepared accordin 
to present commercial practices an 
by the chlorine flux, carbon i 
oculation method, using alloys pu: 

This paper was secured as part of t! 
1945 “Year-Round Foundry Congres 


and is sponsored by the Aluminum ar 
Magnesium Division of A.F.A. 
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plate test casting. 


Fig. |—Sectional views of 6xi0x3/16-in. ribbed 




















casting. 


Fig. 2—Views of 6x10x3/16-in. plain plate test 


Fig. 3—Test casting, 5x6x%-in. 
plain plate 








hased from various ingot producers. 
[he bars were then heat treated 
produce a good quality heat 
reatment as determined by micro- 
opical examination. In general, the 
Dow ratings for undissolved con- 
stituents were always less than no. 4 
ind usually no. 2 or better. The 
srain sizes and soundness were also 
hecked to make certain that good 
juality bars were obtained. 

lensile properties were, therefore, 

btained on sound bars given a 
nearly perfect heat treatment re- 
zardless of the alloy composition 
ind irrespective to the difficulties 
encountered, or the relative amen- 
ibility of the various compositions 
to heat treatment. The relative 
menability of the various composi- 
tions to heat treatment was consid- 
red separately. 

ASTM-4 alloy was heated from 
00 to 720° F. in 5 hr., held at 
720° F. 17 hr., and quenched in oil. 
\ging was effected in 16 hr. at 
100° F. ASTM-17 alloy was heated 
from 500 to 770° F. in 6% to 7 hr., 
held at 770° F. 16 hr., heated to and 
held at 780° F. for 4 hr., then cooled 

770° F. and oil quenched. The 
ging treatment consisted of 16 hr. 

100° F. A-8 and AZ-91 alloys 
ere heat treated with ASTM-17 
loy, but A-8 was withdrawn be- 
re increasing the temperature to 
30° F. 
These alloys were also oil 
1enched and aged the same as the 





other alloys. The results obtained 
on many bars of several different 
heats are listed in Table 2. This 
table shows the number of bars 
tested, the minimum and average 
tensile, yield, and elongation values 
for the four different alloys in the 
as-cast, heat-treated, heat-treated 
and aged, and in the annealed con- 
ditions. 

In general, these results show 
that ASTM-4 and A-8 are more or 
less comparable. More precisely, 
the data show that ASTM-4 has the 
best combination of tensile strength 
and ductility in the as-cast condi- 
tion. A-8 has only slightly lowe 
ductility in the as-cast condition as 
compared with ASTM-4 alloy. AZ- 
91 and ASTM-17 alloys are, of 
course, very brittle in the as-cast 
condition, but normally these alloys 
would never be recommended for 
use in this condition. 

In the heat-treated and in the 
heat-treated and aged condition, 
ASTM-4 and A-8 are comparable, 
while AZ-91 and ASTM-17 have 
similar tensile properties. The data 
show that A-8 is slightly superior 
to ASTM-4 in the heat-treated con- 
dition and slightly inferior in_ the 
heat-treated and aged _ condition 
ASTM-17 is also slightly superior 
to AZ-91 in the heat-treated and 
aged condition, but these two alloys 
are comparable in the heat-treated 
condition. 

It should be emphasized that the 





properties listed in Table 2 repre 
sent data on bars which have almost 
a complete solution of the alu 
minum-magnesium constituent, a 
condition which is maintained by 
cocling them rapidly from the solu 
tion heat-treating tempcrature by 
means of an oil quench. The data 
in no way reflect the relative difh 
culties encountered when heat treat 
ing the four different compositions 

rhe tensile properties of A-8 and 
AZ-91 are -somewhat higher than 
those reported by English foundries 
[The four-bar and English D.T.D 
bar® for light alloys were compared 
and the data obtained are listed in 
Table 3. It will be noted that the 
four-bar frequently produces higher 
properties, parti ularly higher elon- 
gation values and higher minimum 
properties 

It can be safely assumed that the 
higher properties of A-8 and AZ-91 
are at least in part caused by the 
difference in test-bar design. The 
tensile properties obtained on 
ASTM-4 and ASTM-17 alloys are 
also somewhat higher than average 
properties obtained in American 
foundries using a similar test-bar 
design. This can probably be attrib- 
uted to the high order of soundness 
and the consistently ideal heat treat- 
ment obtained. 

The tensile-impact specimens were 
machined from the cast-to-size ten- 
sile bars, and they were heat treated 
as described in the foregoing to pro- 
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Table 2 


MAGNESIUM CASTING ALLO\ 


Test Bar Properties or ASTM-4 aNp 17, A-8, AND AZ-91 In THE As-Cast, Heat-Treatep, Heat-TREATED 
AND AGED, AND ANNEALED CONDITIONS 


No. 
of Heat 
Alloy Bars Treatment 
ASTM-4 58 As cast 
A-8 14 As cast 
ASTM-17 44 As cast 
AZ-91 20 As cast 
ASTM-4 146 H.T., oil quench 
A-8 36 H.T., oil quench 
ASTM-17 16 H.T., oil quench 
AZ-91 33 H.T., oil quench 
ASTM-4 116 H.T.A., oil quench 
A-8 35 H.T.A., oil quench 
ASTM-17 18 H.T.A., oil quench 
AZ-91 34 H.T.A., oil quench 
ASTM-4 4 Annealed 16 hr. at 550° F 
2 Annealed 16 hr. at 400° F. 
A-8 2 Amnealed 16 hr. at 550° F. 
2 Annealed 16 hr. at 400° F. 
ASTM-17 4 Annealed 16 hr. at 550° F. 
2 Annealed 16 hr. at 400° F. 
AZ-91 3 Annealed 16 hr. at 550° F. 
2 Annealed 16 hr. at 400° F. 


—Tensile Qtrength, psi.— 


Min. 
27,300 
24,500 
21,500 
21,700 


37,100 
39,000 
40,900 
38,900 


32,900 
33,200 
38,300 
35,500 


29,100 
26,800 
25,600 
27,600 
24,700 
24,400 
24,400 
23,500 


40,700 
41,300 
43,600 


40,100 


42,700 


Max. 
33,100 
28,600 
26,500 
25,800 


43,800 
42,600 
45,100 
43,800 


44,300 
41,000 
46,200 
42,000 
32,200 
30,600 
26,500 
30,100 
26,400 
27 ,800 
25,200 
25,300 


Avg. 
30,700 
26,800 
24,500 
23,800 


42,400 


38,400 


39,400 


30,700 
28,700 
26,100 
28,900 
25,800 
26,100 
24,800 
24,400 


—Yield Strength, psi.— 


Min. 
12,000 
13,400 
14,600 
13,900 


11,200 
12,600 
14,500 
11,600 


16,200 
17,400 
23,900 
20,200 


15,300 
16,300 
16,900 
16,600 
18,300 
18,400 
18,200 
17,700 


Avg. 
14,000 
15,400 
17,500 
16,800 


13,350 
13,800 
15,600 
14,700 


19,200 
19,300 
25,900 
23,500 


15,800 
16,700 
17,000 
17,400 
18,700 
18,800 
18,800 
18,400 





duce an essentially perfect solution 
without burning. 
The tests were carried out on a 
standard Riehle impact machine 
equipped with a redesigned tup of 
the same calibration as the original 
Chis tup is constructed so that 


heat treatment 


tup. 
the specimens may be quickly in- 
serted when running tests at tem- 


peratures above or below room 
temperature. 

Tests were conducted at room 
temperature and at —75° F. on all 


four alloys in the as-cast, in the 
heat-treated, and in the heat-treated 
and aged conditions. It was found 
that the results obtained at —75° F. 
were practically identical to those 
obtained at room temperature, and 
consequently the are not 
separately reported, but all the re- 
sults obtained at the two tempera- 
tures are averaged (Table 4). 

This table shows the number of 
bars tested and the minimum aver- 
age and maximum values obtained 
on elongation, reduction area, 
and impact value. The data in this 
table show that the results are quite 
similar to those obtained on the ten- 
sile test. Again ASTM-4 is slightly 
the best the as-cast condition. 


results 


in 


in 


ASTM-4 and A-8 are comparable 
in the heat-treated condition, while 
AZ-91 and ASTM-17 are also com- 
parable in the heat-treated condi- 
tion. In the heat-treated and aged 
condition, 


ASTM-4 and 


however, 


ASTM-17 are slightly superior to 
A-8 and AZ-91 alloys, respectively. 

The Charpy impact values ob- 
tained on the four alloys at room 


Max. 
16,300 
17,500 
19,300 
18,809 


16,550 
15,700 
17,300 
15,900 


22,800 
21,500 
29,400 
25,800 


16,400 
17,000 
17,100 
18,100 
19,400 
19,100 
19,100 
19,000 


Elongation in 


—2 In. 


Min 
3.6 
3.1 
0.4 
0.0 


10.6 
12.1 
10.5 
10.5 


0.6 
2.4 
0.8 
0.6 


4.7 
2.5 
3.0 
2.3 
1.3 
0.1 
1.4 
0.4 


» per cent— 
Avg. Max. 
64 8.6 
4.1 4.7 
1.3 2.7 
if. 25 
14.1 17.9 
16.0 17.8 
34 335 
13.4 17.0 
6.0 88 
40 5.9 
2.1 4.0 
20 °©6«=6 3 
5.8 6.4 
3.3 4.0 
3.1 a 
S| 
1.6 1.9 
0.6 1.1 
1.4 1.4 
0.4 0.4 


Reduction in 


ey 4 
36 6.5 
3.2 4.9 
04 14 
0.0 1.2 
7.5 16.2 
12.5 17.6 
12.1 15.4 
11.4 15.3 
1.2 6.5 
20 3.9 
00 1.9 
04 26 
3.6 5.9 
24 3.2 
24 28 
16 1.7 
120017 
0.0 04 
04 09 
04 04 


cent 


M 
1( 


t 





19.9 
19.9 
+ 


NO oH Orc 


but there seems to be some advers: 
effect from the low temperatur: 
Probably, however, additional r 
sults would be required to establish 
definitely this adverse effect. 


The R. R. Moore rotating-bean 


machine and specimens were used 


temperature and at —75°F. are 

listed in Table 5. The results 

parallel the tensile-impact results, 
Table 3 


CoMPARISON OF ENGLISH D.T.D. Test Bar ANpD 
AMERICAN 4-Bar CASTINGS 


Tensile 

ty Heat Strength, 
Test Treat- ———— par. ——— 
Alloy Bar ment Min. Avg. 
ASTM-4 4-bar A.C 23,400 29,300 
D.T.D. 17,100 28,200 
4-bar H.T 40,400 42,000 
D.T.D. 31,600 39,500 
4-bar H.T.A. 39,000 41,400 
D.T.D. 39,300 41,700 
A-8 4-bar A.C. 23,800 26,000 
D.T.D. 24,600 25,000 
4-bar H.1 38,800 40,400 
D.T.D. 33,700 39,200 
4-bar H.T.A. 36,600 37,100 
D.T.D 37,700 38,200 
ASTM-17 4-bar A 23,800 25,000 
D.T.D. 21,700 22,700 
4-bar H.1 38,500 42,400 
D.T.D. 36,800 39,000 
4-bar H.T.A. 33,800 39,800 
D.T.D. 33,700 37,300 
AZ-91 4-bar A.C. 22,800 23,400 
D.T.D. 19,000 21,200 
4-bar H.T. 40,800 42,300 
D.T.D. 38,000 40,200 
4-bar H.T.A. 28,900 37,400 
D.T.D. 35,100 37,600 





Yield 
Strength, 
Min. Avg. 
14,500 15,200 
13,000 13,800 
13,900 14.100 
12,600 13,000 
18,800 19,900 
17,300 19,000 
13,900 14.900 
12,700 13,200 
12,200 13,000 
12,200 12,900 
17,700 19,000 
16,000 18,600 
17,300 17,700 
14,500 16,000 
14,400 15,300 
12,900 13,900 
23,700 25,300 
19,900 21,200 
16,200° 16,800 
14,800 15,600 
13,500 14,100 
13,100 13,800 
20,400 22,700 
19.900 20,700 


. . Redu 
“eS le, ‘ares, 
—per cent— per cen 
Min. Avg. Avg 
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1LE-IMPACT VALUES FOR Four ALLoys IN THE As-Cast, HEAT-TREATED, AND HEAT-TREATED AND AGED 
ConpDITIONS TESTED AT Room TEMPERATURE AND AT 75° F. (Tup Speep 18.1 Fr./sec 
No Heat Elongation in 2 Reduction in Impact Value 
f Treat- In., per cent —Area, per cent ft.+b 
Bars ment** Min Avg Max Min Avg Max Min dog Max Remarl 
As-Cast ALLoyYs 
M-4 6 A.C 4.0 4 35 3.2 4.1 4.8 10.0 12.5 15.5 Tested at 75° I 
24 A.C 3.8 5.3 6.5 3.2 5.1 6.1 10.0 14.4 19.0 
2 A.C. 3.4 3.5 3.6 3.2 3.2 3.92 8.5 90 95 Tested at » F 
* 8 A.C 3.2 3.2 4.4 2.4 3.3 +.8 7.5 8.8 13.0 
M-17 2 A.C 0.7 1.0 1.3 0.8 2 1.6 3.0 3.5 4.0 Tested at ° | 
* 12 A.C 0:6 1.0 1.9 0.8 2.0 3.2 2.5 3.4 6.0 
2 A.C. 0.9 0.8 0.8 0.8 3.0 3.0 3.0 Tested at jo 8 
8 A.C 0.4 0.8 1.4 0.8 0.8 0.8 3.0 3.6 5.0 
Heat-TREATED ALLOYS 
M-4 2 H.1 12.1 12.6 13.2 10.1 10.9 11.7 33.0 34.2 35.5 Coarse grain, 0.008 in.t 
} H.1 8.5 3.2: Ss 7.9 12.4 18.8 23.7 45.0 69.5 Tested at 75° F 
* 18 H.1 8.5 15.2 20.5 7.9 15.2 23.2 23.7 49.0 69.5 
! H.1 9.5 13.2 18.3 8.6 13.2 16.8 32.0 47.5 68.7 lested at YS 
4 H.1 9.5 15.0 19.6 8.6 15.0 21.0 32.0 51.0 68.7 
M 2 H.1 14.7 16.7 18.8 13.8 15.3 16.8 56.5 64.0 71.5 Tested at I 
{ * 8 H.1 14.7 17.2 20.6 13.8 17.4 18.8 90.0 60.6 71.5 
2 H.] 16.5 17.3 18.1 14.5 15.0 15.5 61.5 64.0 66.5 lested at » | 
* 8 H.1 14.2 16.9 18.1 14.5 17.1 19.6 48.0 59.0 66.5 
' Heat-TREATED AND AGED ALLoys 
M-4 6 H.T.A 5.0 5.6 6.1 4.7 5.5 6.3 20.2 24.2 30.2 Tested at 75° F 
25 H.T.A 4.3 6.0 8.2 4.0 5.4 8.6 17.0 24.4 31.0 
4 H.T.A +.0 +.2 +.7 4.0 4.6 4.8 18.7 19.2 20.0 Tested at a 
* 10 H.T.A 5.6 +.3 5.5 +.0 5.7 7.8 17.5 19.1 ein 
M 2 H.T.A 2.6 2.6 2.7 2.4 2.8 3.2 16.0 16.2 16.5 Tested at s 
# 8 H.T.A 1.3 i . 3.6 2.4 3.6 4.8 8.0 13.9 21.5 
. 5 H.T.A 0.9 1.3 1.7 1.6 1.7 2.4 7.0 92 11.0 Tested at b 
ll H.T.A 0.9 1.4 2 1.6 2.1 3.2 7.0 9.6 14.0 
Since the results at —75° F. were substantially the same as at room tem perature, these results have been averaged with those obtained at room tem P 
. Oil quenched if heat treated 
Coarse-grained bars not included in the averages 
these tests. The specimens were ASTM-17 in the solution heat- subject to the formation of micro- 
chined from the cast tensile test treated and in the solution heat- porosity in castings. The suscepti- 
and heat treated to produce treated and aged conditions is bility, however, varies ‘with the 
y ctically complete solution, a con- slightly better than the other three composition. The factors which af 
nm which was maintained in the alloys. fect the formation of microporosity 
ition heat-treated casting by oil Magnesium-base alloys are quite have been described’, the alloy com 
nching it to room temperature 
The S-N curves were run out to 
100,000 cycles on notched and Table 5 
ndard specimens of all four alloys Cuarpy Impact VALUES* FOR THE Four ALLoys at Room 
ted in the as-cast heat-treated, TEMPERATURE AND AT 7” 
heat-treated and aged condi- : —aee eS 
is. The results are tabulated in wei te. Room Temperature i at 75° F 
ble 6. Alloy Treatment Bars Min Avg. Max Bars Min Avg Max 
In general, all of the alloys have ASTM-4 As cast 4 2.0 2.0 <.0 J 0 13 1.5 4.0 
highest endurance limit in the A-8 te As cast 2 2.0 2.2 2.9 ‘9 1.3 lo 
hee ASTM-17 As cast 3 1.0 1.0 1.0 0.75 0.8 1.0 
ition heat-treated condition, the A291 peas 4 10 4 20 4 075 0.75 0.75 
rage being 14,950 psi. The as- 
t condition is the next most ASTM-4 H.T 3 4.5 4.7 5.0 } 3.75 3.9 4.0 
orable with an average of 13,650 A-8 H.T 4 5.0 5.1 5.5 ' 3.75 3.75 3.75 | 
while the heat-treated and ASTM-17 H.T. ‘ 4.5 ~ 30 : ae : ’ 13 | 
d condition produced the lowest Aene! ee. ? - a ; = m 4 ) 
igue properties, the average fdr ASTM-4 H.T.A. 4 1.0 1.5 2.0 6 1.2 1.4 1.75 
four alloys being 12,870 psi. at A-8 H.T.A. 4 1.0 1.5 2.0 2 1.0 1.0 1.0 
000,000 cycles. ASTM-17 H.T.A. owe Bie te 6 Oe, . C24. 898 
\STM-4, A-8, and AZ-91 alloys AZ-91 H.T.A. 4 0.5 1.0 1.5 2 Os 0.5 0.5 | 
ve comparable endurance values ne by! 7 , {i 
*Specimen was 0.315x0.394x2 in. with a “V”’ notch 0.08 in. deep with 0.01 in, bottom radius / 


the three conditions, while 
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Velocity of tup 18.1 ft./sec 


Table 4 































































as ror fe eae. 


Fig. 4—ASTM-4 a 3/16-in. plain flat plate test casting with |-in. 
b 


riser at gate end (bottom of radiograph) only. Wedge data— 
height of sound metal, 3 in.—grain size, 0.006 in. Metal cleaned 
with chlorine and treated with natural gas. Considerable micro- 
porosity in two-thirds of the casting opposite the gate and riser is 
shown. The effect of alloy composition on the occurrence of micro- 
porosity in this plate is shown by comparison to Figs. 5, 6, and 7. 





Fig. 5—ASTM-17 alloy 3/16-in. plate test casting with I-in. riser at 

gate end (bottom of radiograph). Metal cleaned with chlorine and 

treated with natural gas. Wedge data—height of sound meta! 

2/4 in.—grain size, 0.006 in. This casting is practically free from 

microporosity and, as compared with ASTM-4 alloy (Fig. 4), shows 

the lower susceptibility of this alloy to the formation of micro- 
porosity in thin plates. 


position being one of three major 
factors. The susceptibility of the 
four alloys to microporosity was de- 
termined by the use of four different 
castings. 

The first is a wedge casting shown 
by Figs. 1 and 2 of reference 1. 
The second casting used was a 
ribbed plate 3/16-in. thick by 6 in. 
wide and 10 in. long (Fig. 1). The 
third casting consisted of a plain 
3/16-in. plate, 6 in. wide by 10 in. 
long (Fig. 2). The fourth casting 
consisted of a 3-in. plate (Fig. 3). 
All three of the latter plate castings 


could be risered in various ways, 
providing various degrees of feeding. 

It has been found that the amount 
of microporosity_ varies considerably 
with the alloy composition. Typical 
results are shown by the reproduced 
radiographs of the 3/16-in. plate in 
Figs. 4, 5, 6, and 7 for ASTM-4, 
ASTM-17, A-8, and AZ-91 alloys, 
respectively. Figures 8, 9, 10, and 
11 show a similar series of the 34-in. 
plates. All of these photographs of 
x-ray films are representative of the 
results obtained on a great many 
similar castings poured from a great 


many melts. 

It has been found definitely that 
ASTM-4 alloys is markedly more 
susceptible to the formation of 
microporosity in the sections rej 
resented by the castings describe 
than any of the other three alloy: 
AZ-91 and ASTM-17 are sligh 
superior to A-8 composition. 1 
difference, however, between th: 
two alloys and A-8 is much less th. 
the difference between ASTM 
and A-8. It may be concluded tht 
A-8, AZ-91, and ASTM-17 are |! 
markedly superior to ASTM-4 ut 












suite similar to each other, A-8 





























































slightly more susceptible to 
formation of microporosity than 


ther two allovs 


ee. Susceptibility to Leaking 
¥ akage in magnesium-base cast- 


is largely caused by the pres- 
of microporosity, the  inter- 
ular voids extending across the 
ion causing a leak. The test 
ting* shown by Fig. 12 was used 
easure the susceptibility of the 
alloys to microporosity and 
age. It was found that this cast- 
leaked when poured in any one 
the four alloys if the melt was 
Sy. 
After degassing, however, AZ-91, 
STM-17, and A-8 compositions 
duced castings which were leak 
ht under 100 Ib. of air pressure. 
However, all of the castings poured 
ASTM-4 alloy leaked in the 
vy sections. Only a relatively 
ill amount of work was done with 
k testing of this casting. The re- 
ts, however, are in conformity 
th those found by other investi- 
tors’. There is, of course, a good 
orrelation between the  suscepti- 
bility to leakage and the suscep- 
tibility to microporosity formation. 


Amenability to Degassing Operation 

The method of measuring the gas 
ontent of the melt has been de- 
cribed in a separate paper’. It was 
found, however, that no noticeable 
difference in the height of sound 
etal in the wedge casting could be 
bserved among the four different 





ompositions. The best that could 
: be produced with any of the compo- 


> in. of sound 


m tions was about 3/Y 
etal in the bottom of the wedge. 
It was noted, however, that A-8, 

\Z-91, and ASTM-17 alloys could 

degassed slightly more readily 
than the ASTM-4 melts to obtain 
2 in. of sound metal in the wedge. 

[It was concluded, however, that 
here is no practical difference 
mong the four alloys in _ their 
imenability to a degassing opera- 
tion such as that described else- 
here using chlorine or a mixture of 
hlorine and carbon tetrachloride. 


Amenability to Grain Refining 

\ll four alloys are subjected to 
‘rious grain-refining operations as 
scribed in a separate paper®. Some 
ivestigators have reported a slight 
ference among the various alloys 
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Table 6 
ENDURANCE PROPERTIES OF THE Four ALLoyst 


Endurance Limit, pa 10 Milhon Re>ersal:s 
Cast 


Heat to Size, Machined Bar 
Alloy Treatment U'nnotched* Unnotvhed* Notched** 
ASTM-4 A.C 13,000 12,600 9.000 
A-8 A.C 14,200 10,000 
ASTM-17 A.C 13,500 10,000 
AZ-91 AS 14,300 10,000 
ASTM-4 H.1 15,000 13,700 11,000 
A-8 H.1 15,500 10,000 
ASTM-17 H.1 16,500 13,000 
AZ-91 H.T 14,800 11,500 
ASTM-4 H.T.A. 12,000 12,700 10,000 
A-8 H.T.A 12,500 9.000 
ASTM-17 H.T.A 14,000 8,000 
AZ-91 H.T.A 12,300 9,000 
ASTM-4 Annealed*** 11,500 9,000 
A-8 Annealed 13,000 9,500 
ASTM-17 Annealed 13,500 9,000 
AZ-91 Annealed 12,000 9,500 
*Standard R. R. Moore 0.300-in. diameter 
**().360-in. diameter bar with a 0.U3U-in, radius notch 


*** Annealed 4 hr. at 400° F 


#The endurance value for the standard bar in the as-cast, heat-treated, and heat-treated and aged 


conditions is the result of three S-N curves 
values are based on one S-N curve 


in respect to their response to a 
grain-refining treatment’. 

It has been noted in a separate 
paper that aluminum must be in 
the melt before grain refinement can 
be obtained by present methods. 
However, all four of the alloys in 
question have a substantial amount 
of aluminum, and no perceptible 
difference in their response to the 
erain-refining treatment could be 
noted. Indeed, all four of the alloys 
responded quite similarly to grain- 
refining and grain-coarsening treat- 
ments. 

Relative Resistance to Corrosion 

The four alloys prepared by the 
chlorine flux and carbon inoculation 
method have been checked in re- 
spect to their relative resistance to 
corrosion in a 3 per cent salt solu- 
tion. The melts were poured into 
test bars which were heat treated 
and aged as described elsewhere. 

The exposure was an alternate 
immersion type in which the regu- 
lar test-bar specimens were placed 
in the bath for 4% min. and then 
withdrawn from this bath for 2 min. 
The 3 per cent salt solution was 
changed every 4 days and at the 
beginning of every new test. The 
loss in weight was determined for 
each of the alloys after an exposure 
to the bath for 1, 4, and 8 days. 

The chemical analyses are listed 
in Table 7, and the corrosion results 


are graphically shown by Figs. 13, 


Those for the annealed condition and all notched-bar 


14, 15 and 16 in which the loss in 
weight of the four different alloys 
is plotted against the iron content 
Each point on these curves rep- 
resents the average results obtained 
on four bars, excepting the ASTM-4 
commercial bars from miscellaneous 
foundries. These points are based 
on one bar only. 


Iron Content 

Approximately 292 bars were 
tested in which the iron content 
was 0.022 per cent or less. A few 
additional bars with even higher 
iron content were also tested. As 
shown by Fig. 13, after one-day 
exposure ASTM-4 alloy appears to 
be the best, especially at iron con- 
tents above 0.012 per cent. AZ-91 
is next, while A-8 and ASTM-17 
alloys are similar and slightly in- 
ferior to the other two. 

Figure 14 
obtained after a 4-day exposure. 
As this figure shows, AZ-91 and 
ASTM-4 alloy are similar at least 
up to 0.020 per cent iron and 
are slightly superior to A-8, and 
ASTM-17 is slightly inferior to the 
other three. Figure 15 shows the 
results after an 8-day exposure to 
the alternate immersion in 3 per 
cent salt solution. Again, AZ-91 
and ASTM-4 alloys are similar at 
least up to 0.009 per cent iron and 
are slightly the best, A-8 is next and 
ASTM-17 is slightly inferior. 


Figure 16 shows a comparison of 


shows the _ results 














Fig. 6—A-8 alloy 3/16-in. plate test cast- 
ing with I-in. riser at gate end (bottom of 
radiograph). Wedge data—height of 
sound metal, 3 in.—grain size, 0.006-0.012 
in. Metal cleaned with chlorine and treated 
with natural gas. This radiograph shows 
that the casting is practically free of micro- 
porosity, and also shows that this alloy is 
much less susceptible to the formation of 
microporosity than ASTM-4 alloy shown by 
the radiograph (Fig. 4). 


ASTM-4 alloy, the melts of which 
were prepared in two different ways. 
One method of melt preparation 
consisted of the usual commercial 
method of cleaning with a refining 
flux such as no. 310 and _ super- 


heating. The second method of 
melt preparation consisted of clean- 
ing and degassing with chlorine and 
obtaining grain refinement by car- 
bon inoculation. 





It will be noted from this set of 


curves that the metal which had 
been fluxed with chlorine and re- 
fined by inoculation has 
somewhat higher resistance to cor- 
rosion in the alternate immersion 3 
per cent salt solution than the same 
alloy prepared by the usual com- 
mercial method. This result is some- 
what unexpected and — probably 
should not be accepted without fur- 
ther verification. However, the su- 
periority of the chlorine-fluxed metal 
might be attributed to the cleaner, 
sounder metal which is produced. 

The results of the corrosion tests 
plotted in Figs. 13, 14, 15, and 16 
are based on a considerable amount 
of comparative corrosion testing. 
There is some scatter in the results 
obtained, a characteristic of most 


carbon 


Fig. 7—AZ-91 alloy 3/16-in. plate test cast 
ing with I-in. riser at gate end (bottom of 
radiograph). Wedge data—height of sound 
metal, 25g-in.—grain size, 0.005 in. Met 
cleaned with chlorine and treated + 
natural gas. The radiograph shows a 
slight amount of microporosity in center 
plate. Microporosity such as this is q 
difficult to see on the fracture of he 
treated and aged castings, showing that th: 
severity of the defect is very slight. A 
parison of this figure with Figs. 4, 5, an 
will show the effect of alloy composition 
the occurrence of microporosity in 
plate. Hence, the riser size and m: 
preparation are comparable for all f 
castings. !t will be noted that ASTI 
alloy is markedly more susceptible to mic 
porosity than the other three al! 
ASTM-17, A-8, and AZ-91. 


tests of this kind. 

To establish differen 
among the various alloys would 
quire a greatly augmented corrosi 
testing program. Furthermore, 


small 





Fig. 8—ASTM-4 alloy 3-in. plate test casting, |-in. riser at gate end 
(top). Wedge date—height of sound metal, 3!/2 in.—grain size, 


0.006-0.007 in. Cleaned with chlorine-carbon tetrachloride mixture. 


Although metal has been degassed effectively and casting is well 

risered, considerable microporosity occurs, which is greatest ad- 

acent to riser, indicating that unsoundness cannot be eliminated 

entirely by risering this casting. Figures 8, 9, 10 and I! show 
same casting poured in the four alloys. 


Fig. 9—A-8 alloy %-in. plate test casting with |-in. riser at gate 
end (top of radiograph). Wedge date—height of sound metal, 
2'/2 in—grain size, 0.004 in. Metal cleaned with chlorine and 
carbon tetrachloride mixture. Some microporosity occurs in this 
casting, particularly at the end adjacent to the riser. The amount 
of microporosity is considerably less than that shown by Fig. 8 and 
is greater than that shown by Figs. 10 and I! of a similar casting 
poured in ASTM-I7 and AZ-9! alloy, respectively. 


determination of the comparative 
resistance to corrosion at low iron 
ontents would require longer ex- 
posures and some of the scatter 
might be eliminated by complete 
chemical analysis of each bar. How- 
ever, attempts to determine the 
ause of widely separated points by 
hemical analysis have not been 
zenerally successful up to this time. 

Thus, the data do not permit pre- 
ise conclusions regarding small dif. 
erences among the alloys. However, 
n a practical basis it may be con- 
luded from these data that at iron 
ontents of less than 0.012 per cent 
nd possibly less than 0.020 per cent, 
iere is no substantial difference 
the resistance to corrosion among 
ie four alloys under test when ex- 


posed to alternate immersion in a 
3 per cent salt solution. 

Very limited data indicate that 
ASTM-4 is superior to the others 
at iron contents in excess of 0.012 
per cent. ASTM-17 is unexpectedly 
inferior and this may be attributed 
to the lower manganese content of 
the bars tested. It is interesting to 
note that all four alloys have 
markedly higher resistance to cor- 
rosion when the iron content is low. 
In general, it may be stated that 
the resistance to corrosion of all four 
of the alloys is increased fivefold by 
decreasing the iron content from 
0.015 to 0.005 per cent. 

Relative Susceptibility to 
Hot Shortness 
A hot-shortness test suggested by 


R. T. Wood, member of the 
N.D.R.C. Advisory Committee, when 
the work was first initiated, is shown 
by Fig. 17. The severity of the test 
can be adjusted by decreasing ot 
increasing the distance “X” shown 
on this figure. The iron bar does 
not permit the casting to contract, 
and it tends to produce cracks on 
the inside corners adjacent to the 
risers. 

This casting, therefore, produces 
the conditions necessary for hot 
cracking, namely, a high casting 
stress and a hot spot in the casting 
where cracking will occur. Since no 
fillets are used on the inside core, 
the cracking is confined to these 
corners. This is important because 
it limits the area that must be exam- 








Fig. 1|O—ASTM-17 alloy %-in. plate test casting with I-in. riser at 
gate end (top of radiograph). Wedge data—height of sound 
metal, 234 in.—grain size, 0.006 in. Metal cleaned with chlorine 
and carbon tetrachloride mixture. This casting is substantially free 
of microporosity. Comparison with Figs. 8 and 9 shows that this 
alloy is considerably less susceptible to microporosity than ASTM-4 
and somewhat less susceptible to microporosity than A-8. Com- 
parison with Fig. 11 shows that it is about equivalent to AZ-91 alloy. 





Fig. ||—AZ-91 alloy %-in. plate test casting with I-in. riser at gate 


“end (top of radiograph). Wedge data—height of sound metal, 


2% in.—grain size, 0.007-0.010 in. Metal cleaned with chlorine 
and carbon tetrachloride mixture. The casting is practically free 
from microporosity. By comparison with the preceding three photo- 
graphs, AZ-91 composition is equivalent in its susceptibility to 
microporosity to ASTM-1I7 alloy, somewhat superior to A-8 com- 
position, and markedly superior to ASTM-4 composition. 


ined very carefully to detect hot 
cracks. This inspection must be 
carefully done, but the difficulties 
are greatly reduced if a fine facing 
sand is used in the corners. 
| The test is most severe and most 
likely to produce a hot crack in the 
casting when the distance “X” is 
a minimum and of the order of 
| Y-in. As the distance “X” is in- 
| creased, the severity of the test is 
decreased; when “X” equals 6 in., 
the severity of the test can be re- 
duced still further by removing the 
steel bar. 

The severity of the test can then 
be reduced still further by shorten- 
ing the length of the arms, because 
as these arms are reduced, the sand 
offers less resistance to contraction 


of the casting. It is possible by 
means of this test to assign quantita- 
tive hot-crack numbers to various 
alloys or alloy conditions by assign- 
ing a number corresponding to defi- 
nite positions or settings of the 
casting which just produce hot 
cracks. 

The hot-crack number is arbi- 
trarily defined as the value of “X” 
in inches. Thus, as the distance “X” 
is increased from Yg-in. to 6 in. at 
which hot cracks just occur, the hot- 
crack number increases from ¥% to 6. 
If the bar is removed, this setting is 
arbitrarily considered to be no. 7. 
For each inch removed from the 
length of the arms without the use 
of a steel bar, one is added to the 
hot-crack number. Thus, if the 


arms are reduced to 4 in., this set- 
ting being the point at which hot 
cracks just occur, the hot-crack 
number becomes 7 plus 2, or 9. 

The hot-crack number of mag- 
nesium alloys varies between |'2 
to 5 or more, depending upon the 
composition and the grain size. !t 
has been found that the grain size 
probably has greater importan 
than alloy composition. When a 
grain size of 0.015 or 0.020 in. 
obtained, most of the alloys are quite 
hot short. If, however, the alloys 
are all given a grain-refining trea'- 
ment to produce representative fir 
grained material, the various allovs 
can be compared. 

When making a test, sever! 
molds are prepared in which te 
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alloys to microporosity and leakage. 
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Fig. 12—Views of test casting, showing gates and risers, used to measure susceptibility of the four 
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setting is varied progressively and 
in a systematic manner with the in- 
tention of having settings which will 
produce hot cracking and other set- 
tings which will not produce hot 
cracks. The number or setting mid- 
way between that which produces 
hot cracks and that which does not 
produce a hot crack is the hot-crack 
number. 

Thus, if molds are set up in which 
the value of “X” is 2, 2%, 3, 3%, 


and 4 in., and if settings at which 
“X” equals 2 and 2'% crack, 3 pro- 
duces a slight crack and 3% does 
not crack, the hot-crack number lies 
between 3 and 3%. Consequently 
3% is taken as a hot-crack number 
for this particular heat. The aver- 
age results thus obtained on several 
heats of the four alloys which had 
the 


are shown by Table 8. 


usual variations in grain size 





ANALYSIS OF 


——_—_—_—— AST M-4 
Element Max. Min. 


Al 6.4 5.8 
Zn 3.0 2.6 
Mn (1 day) 0.34 0.27 
Mn (4 days) 0.29 0.27 
Si 0.023 0.011 
Cu 0.009 0.003 
Ni 0.005 0.001 


Avg. 
6.1 
2.8 
0.29 
0.285 
0.016 
0.006 
0.003 


Test Bars Usep to DETERMINE THE RELATIVE 


Table 7 
RESISTANCE 


- Alloy 
—— 4-8—-—— 
Min. 


8.0 
0.41 
0.21 
0.28 
0.008 
0.002 
<0.001 


Avg Max 
8.4 9.7 
0.56 2.3 
0.26 0.22 
0.285 0.20 
0.011 0.22 
0.004 0.008 
0.002 0.003 


Max. 
8.7 
0.63 
0.29 
0.29 
0.020 
0.006 
0.005 


OF 


—ASTM-17 


Min 
9.0 
2.0 
0.17 
0.17 
0.15 


0.005 
<0.001 





MAGNESIUM 


It will be noted by these data 
that ASTM-4 alloy 
susceptible to hot cracking than the 
other three, while A-8, AZ-91, and 
ASTM-17 alike in 


their susceptibility to hot cracking 
that 


is slightly more 


are so nearly 


no differences among them 


have been noted. The greater sus- 
ceptibility of ASTM-4 alloy to hot 


cracking is in conformity with 


foundry experience. 


ALLOYS TO CORROSION 


4Z-9] 
Min 
9.9 


Avg. 

10.1 
0.62 
0.26 
0.285 
0.014 
0.004 
0.002 


10.3 
0.72 
0.29 
0.29 
0.019 
0.008 
0.006 


0.39 
0.20 
0.27 
0.008 
0.002 
0.001 


0.018 
0.006 
0.001 
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O astu-4 
a4aes 
O asTw-i7 


Fig. |4—Four-day tests, magnesium alloy corrosion. 






CHLORINE FLUXED 


2 





% 1RON 








Solidification Range and Amenability 
to Heat Treatment 

It has been observed that there 
are considerable differences among 
the four alloys in their response and 
amenability to heat treatment. This 
arises largely through differences in 
the zinc content which the various 
alloys contain. The temperature at 
which solidification begins, that is, 
the liquidus temperature, is_rela- 
tively easy to obtain. 

Likewise, the univariant point at 
which the alloy-rich phase first be- 
gins to form can also be determined. 
However, the point at which solidi- 
fication ends is not readily ascer- 
tained by means of cooling curves 
unless, perhaps, very sensitive ex- 
perimental methods were employed. 
Some data have been obtained on 
the various alloys and these are 
listed in Table 9. 

The univariant point, shown by 
Column 3 (Table 9), is a flexure 
in the cooling curve, and it prob- 
ably corresponds to the line E,Es, 
Fig. 119, p. 88 in “Beck’s Tech- 
nology of Magnesium Alloys*.” This 
point marks the beginning of the 





formation of the aluminum-rich 
phase. The liquid composition then 
follows along the line E,E, in Fig. 
119 of Beck’s work. 

Final solidification is at the lower 
temperature represented approxi- 
mately by the minimum burning 
temperature, Column 4. The ap- 
proximate minimum burning tem- 
perature shown by Column 4 is 
obtained by rapidly heating the 
alloy to various temperatures and 
then examining specimens to deter- 
mine the point at which burning 
occurs. 


The burning can be in one of 
two forms, either in the form of 
porosity similar to microporosity or 
fusion may have occurred. These 
two different forms of burning are 
illustrated, respectively, by the 
photomicrographs, Figs. 18 and 19. 
Hence, it is difficult to distinguish 
between microporosity and the po- 
rosity which results from burning. 
Therefore, the bars were also exam- 
ined in the condition for 
comparison. 

It is logical to assume that the 
minimum burning temperature is 


as-cast 
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Fig. 15—Chart showing corrosion of meg 
nesium alloys—8-day test. 
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Table 8 


Hot-Crack VALUES FOR THE Four CastTiInc ALLOYS 


4lloy Minimum' 
ASTM-4 3% 
ASTM-17 <i 

A-8 <1’ 
AZ-91 2 


Hot-Cracking Number* —_—__ — 
Maximum' 


Average’ 
3% >3% 
2% 2% 
2 >3 
2% >2% 


1 Minimum indicates the lowest position number at which no cracks occurred in the several tests 
{verage indicates the average hot-cracking number which is the number midway between the setting at 
which cracking did occur and did not occur in a single test or series of molds poured from the same 


} 


pot. Maximum indicates the highest position number at which cracking occurred in the several tests. 
2 The lower the minimum, average, and maximum values, the less susceptibility to hot cracking. 





ipproximately the same as the tem- 
perature at which solidification ends. 
Owing to the possibility of a slight 
amount of diffusion, it is quite likely 
that the minimum burning tempera- 
ture is slightly higher than the 
temperature at which solidification 
ends. Assuming, however, that the 
two temperatures are similar, Col- 
umn 5 shows the solidification range 
of the four alloys. 

The data shown in Table 9 are 
rather interesting because they show 
the fundamental reason for the 
major differences among the four 
alloys. The low-zinc alloys, A-8 
and AZ-91, have a minimum burn- 
ing temperature of approximately 
800° F. Since this temperature is 
above the normal heat-treating tem- 
perature, it is apparent that these 
alloys are not apt to be damaged by 
too rapid heating during heat treat- 
ment. 

A-8 alloy is, of course, more 
easily heat treated than AZ-91 be- 
cause the lower alloy content re- 
quires less time at the solution 
heat-treating temperature. The two 
zinc alloys, ASTM-4 and ASTM-17, 
however, can very readily be dam- 
aged during the heat-treating opera- 
tion if they are heated too fast above 
the minimum burning temperature. 
It is believed that these two alloys 
are damaged during heat treatment 
much more frequently than it is 
realized in industry. 

ASTM-4 alloy is generally heat 
treated at 720 to 730° F., while 
ASTM-17 is normally heat treated 
at about 770 to 780° F. These tem- 
peratures are above the minimum 
burning temperature, and therefore 
burning is very apt to occur unless 
several hours are utilized to heat 
the charge from the minimum burn- 
ing temperature to the normal heat- 
treating temperature. 





Furthermore, it is not easy to 
obtain sufficient solution and diffu- 
sion of the alloy constituent at the 
minimum burning temperature or 
lower so that the castings can be 
heat treated at a higher tempera- 
ture. Indeed, it has been found in 


22 


the laboratory work that it is quite 
difficult to avoid some damage to 
these alloys even under laboratory 
conditions of heat treating. 

The solidification range shown in 
Column 5 of Table 9 is also of con- 
siderable interest because it explains 
in part the differences in suscepti- 
bility of the alloys to microporosity. 
While there are many factors which 
determine the amount of distribu- 
tion of microporosity in castings, 
there are two main factors which 
determine the susceptibility of a 
specific alloy composition to micro- 
porosity. 

These two factors are solidifica- 
tion range and the amount of liquid 
which solidifies at the lowest solidi- 
fication temperature, that is, the 
amount of eutectic liquid which 
solidified at the end. If the solidifi- 
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Fig. 16—Comparison of ASTM-4 alloy melts in corrosion tests, 
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Fig. 17—Views of test casting for measuring hot shortness. 


cation range were the only factor, 
the order of decreasing susceptibility 
to microporosity would be as fol- 
lows: (1) ASTM-4, (2) ASTM-17, 
(3) A-8, and (4) AZ-91. 


Solidification Factor 


However, the second factor is of 
considerable importance also, and 
since ASTM-17 alloy probably solidi- 
fies with the greatest amount of 
eutectic liquid, its position is 
changed from no. 2 to no. 4 com- 
parable with AZ-91. Likewise, AZ-91 
produces more eutectic liquid than 
A-8. Therefore, taking the two fac- 
tors together, the order of  sus- 
ceptibility to microporosity is as 
follows: (1) ASTM-4, (2) A-8, and 
(3) ASTM-17 and AZ-91 alloys. 

As might be expected from the 
data in Table 8, there is a large 
difference between ASTM-4 and 
A-8, and only a slight difference be- 
tween A-8, ASTM-17, and AZ-91. 
As noted previously, this is in con- 
formity with observation on the 
relative susceptibility of these alloys 
to form microporosity in a given 
casting. 


Summary 

The two most popular European 
casting alloys, A-8 and AZ-91, have 
been compared in considerable de- 
tail with the two most popular 
American alloys, ASTM-4 and 
ASTM-17. The mechanical prop- 
erties of A-8 and ASTM-4 are com- 
parable, while those of AZ-91 and 
ASTM-17 are also comparable. 
These mechanical property com- 
parisons were made on test bars 
which had been ideally heat treated 
to produce practically complete 
solution with only a trace or less 
of burning. 

The properties investigated are 


MAGNEsIUuM CASTING ALLOY 


tensile strength, yield strength, pe: 
cent elongation, per cent reductio: 
in area, resistance to failure by ten- 
sile and Charpy impact, and endur 
ance limit. There is some indication 
that with these ideally heat-treated 
materials, ASTM-17 is slightly su 
perior to the others in the heat 
treated and aged condition. 


Corrosion Resistance 

The resistance to corrosion of th 
four alloys has been investigated by 
alternate immersion in the 3 per 
cent salt solution. ASTM-17 _ is 
slightly inferior to the .other three 
alloys probably because of the lower 
manganese content of the bars in- 
vestigated, but in general it is 
concluded that within the limits 
indicated in the following, the re- 
sistance of the four alloys to corro- 
sion in this medium is approximately 
equivalent. 

This is certainly true if the iron 
content is less than 0.012 per cent 
and possibly true if the iron content 
is less than 0.020 per cent, but prob- 
ably not true if the iron content is 
in excess of 0.020 per cent. 

As to the susceptibility of the fou 
alloys to hot cracking, the grain size 
is a greater factor in determining 
the susceptibility to hot shortness 
than alloy composition. However, 
with melts which have been sub- 
jected to a grain-refining treatment, 
ASTM.-4 is slightly more susceptible 
to hot shortness than are the other 
three alloys. 

The susceptibility of the four 
alloys to the formation of micro- 
porosity in several different castings 
has been determined. In sections 
3/16 and % in. thick, which are 
representative of the great majority 
of section thicknesses of commercial 
castings, ASTM-4 alloy is mark- 
edly more susceptible to micro- 
porosity than the other three alloys 
A-8 composition is slightly more 





Table 9 


SOLIDIFICATION RANGE AND MINIMUM BURNING TEMPERATURE OF 
ASTM-4, ASTM-17, A-8, anp AZ-91 ALLoys 





1 2 3 4 5 

Temperature, °F._—@ ——___——- 

Solidification 
Univariant Burning Range (column 2 
Alloy Liquidus Point (approx. min.) minus column 4 

ASTM-4 1125 750 650 475 
ASTM-17 1095 800 750 345 
A-8 1115 810 800 315 
AZ-91 1100 810 800 300 
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usceptible to microporosity than 
ASTM-17 or AZ-91 composition, 
but much superior to the ASTM-4 
composition. 

In conformity with these findings, 
it also appears from limited data 
that ASTM-4 castings are much 
more susceptible to leakage than the 
other three compositions. Since leak- 
age in magnesium castings is pri- 
marily produced by microporosity, 
it is logical that the susceptibility to 
leakage should parallel the  sus- 
ceptibility to microporosity. 

No substantial difference has been 
noted among the four alloys in re- 
spect to their amenability to a 
degassing treatment or to a grain- 
refining treatment. 


Heat Treatment Response 

The amenability and response of 
the four alloys to heat treatment 
have been investigated in consid- 
erable detail. The minimum burn- 
ing temperature of the low-zinc 
alloys, A-8 and AZ-91, is about 
800° F., a temperature which is 
above the normal solution heat- 
treating temperature. 

ASTM-4 alloy will burn if rap- 
idly heated to temperature above 
650° F., a temperature which is 
about 80° F. below the normal 
solution heat-treating temperature. 
ASTM-17 will burn if it is rapidly 
heated to a temperature above 
740° F., a temperature which is 
about 30° F. below the normal solu- 
tion heat-treating temperature. 

It has been found quite difficult 
to heat treat the two high-zinc 
alloys, ASTM-4 and ASTM-17, at 
a sufficiently slow rate above the 
minimum burning temperature to 
avoid burning, or to preheat them 
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Fig. 18 (Left)—Photograph at 100X, showing ASTM-4 alloy held 2 hr. at 610° F., heated 

from 610 to 720° F. in 5 min. Comparison with the as-cast bars shows that the porosity 

is caused by burning. Fig. 19 (Right)—Photograph at !00X, showing the fusion type of 

burning. The alloy is ASTM-!7 heat treated 16 hr. at 740° F., after which similar speci- 

mens showed no burning. This specimen was then heated from 740 to 770° F. in 5 min., 
which treatment, in this instance, caused the fusion type of burning 


below the minimum burning tem- 
perature on a practical basis to 
alleviate the difficulties. It is be- 
lieved that these two alloys are 
damaged in commercial heat treat- 
ing much more frequently than is 
generally realized, because the re- 
sults of the burning are generally 
quite similar to the defect known as 
microporosity. 

The possibility that calcium, com- 
monly used by some foundries, might 
decrease these difficulties has not 
been investigated. Alloys of the A-8 
and AZ-91 compositions are the 
most readily and reliably heat 
treated, the A-8 composition, of 
course, being easier to heat treat 
than the AZ-91 composition because 
of its lower alloy content which re- 
quires a shorter time at the solution 
heat-treating temperature. ASTM-17 
is more difficult to heat treat than 
ASTM-4 because the higher alloy 
content requires a much longer time 
to obtain proper solution. 

In general, only slight advantages 
of the two high-zinc alloys, ASTM-4 
and ASTM-17, over the two low- 
zinc alloys could be found, but they 
are subject to very serious dis- 
advantages as compared with the 
low-zinc alloys. It is believed, there- 
fore, that it is only a matter of time 
before the present commercial high- 
zinc alloys will be abandoned in the 
United States as they are being 
avoided or abandoned in Europe. 
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Plant Management's Part In 


INDUSTRIAL ENGINEERING PROGRAMS 


By Wally E. George, Account Manager, 


Booz, Allen & Hamilton, 


Chicago 


HE borderline band between 

profit and loss is but one cent 

wide. The boundary between 
success and failure in business is, 
perhaps, no wider. Inevitably, the 
success of a company is reflected in 
its ability to make a profit. 

There is no royal road to insure 
this objective, but in the intelligent 
use of industrial engineering, many 
large companies and many small 
companies have found the way to 
produce at 5, 10, or 15 per cent less 
cost. However, the cold fact re- 
mains that many other firms which 
turn to engineering management fail 
to make the program click. 

What is Industrial Engineering? 
The scope of industrial engineering 
is broad and varied. There is no 


@ Whole-hearted cooperation between operating 
organization and staff technical specialists is 


necessary for the success of any industrial engi- 
neering program. The many new and compii- 
cating factors confronting the postwar foundry 
require the adoption of a planned program and 
intelligent use of the engineering staff. 


universally accepted definition for 
it. It means, to some, time study 
engineering, and to others, wage in- 
centives, standards, layout, methods, 
cost control, production planning, or 
even the whole field of scientific 
management. One defines it best by 
listing the work or functions which 
it is desired to embrace and then 
establishing a staff to carry on the 
designated work. 

Just as the military has staff and 
line departments, so too should in- 
dustry. In the foundry the line was 
from president on down to oper- 
ating manager, superintendent, gen- 
eral foreman, foreman, and gang 
boss; they aid in holding the line. 

The staff departments, when set 
up as such, generally are the metal- 


lurgical or the laboratory, the per- 
sonnel, the production control, the 
plant engineering, and sometimes 
the industrial engineering. 

Old-line foundry management did 
not believe in having staff functions 
separated from line control. The 
superintendent ran everything. The 
head melter did what metallurgy 
the shop required. The foundry fore- 
man ran the scheduling from an 
envelope in his hip pocket. 

He or his assistant foreman did 
their own hiring and firing. If they 
chose to have piece rates, they set 
them from experience. The master 
mechanic did whatever engineering 
or construction jobs there were to 
be done. 

With the growth of multi-plant 





Complete understanding is necessary for the success of industrial programs. 
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mpamies came staff management. 

Vorld War I and the booming 

wenties saw many foundries setting 

p staff departments. Some suc- 

-eded—many failed. There were 

requent skirmishes between staff 
nd line men for authority. The staff 
1an was an outsider and when, as 

0 often happened, his work was 

assively resisted by the old timers’ 

lique, it fell flatter than a pancake. 

Industry Needs Engineering Con- 

rol. Management is no longer the 
imple matter of making and selling 
astings at 20 per cent over cost that 
it once was. New laws have com- 
licated matters. Labor legislation, 
the advent of the mass union organ- 
izations, the rising tide of taxes of 
all varieties, the specifications for 
alloyed metals, the demand for x-ray 
and magnetic particle examinations 
for defects, and the mechanization 
of the industry are but a few reasons 
why a plant or company of any size 
today has been forced to come to 
staff departments manned by tech- 
nical specialists. 

Sheer tragedy lies in a foundry’s 
failure to make intelligent use of the 
engineering technicians it employs. 
C. T. Kettering has likened the hir- 
ing of a research man into an old-line 
organization to the tossing of Daniel 
into a den of lions. The Lord saved 
Daniel, but most of the staff men in 
foundries, unfortunately, are not 
possessed of Daniel’s religious fervor 
or indispensability. To make a bad 
pun, they are devoured by the lines 
before they get started. 


Staff and Line Cooperation 


This is all very expensive on the 
industry. There is so much that the 
technical man can do. There is so 
much to be done to keep a foundry 
in a competitive position. A way 
must be found to get the staff on a 
proper footing so that the friendly 
cooperation of the line will assure 
success of the whole profit control 
program. 

How Much Industrial Engineer- 
ing for the Foundry? The foundry 
program of industrial engineering 
should be threefold: 

l. There is the program of prep- 
aration. The equipment, the layout, 
and the methods all must be studied. 
Greater production per man hour 
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1945 “Year-’Round Foundry r 
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with less physical effort and in better 
surroundings must be achieved for 
every operation. 

Engineering analyses when com- 
bined with the practical experience 
of the man running the operations 
can do wonders, whether the work 
be of a production or jobbing type. 

2. There is the standards program. 
Standards call for standardization 
of every operation. Standard prac- 
tice data for speeds, feeds, number 
of jolts, temperatures, sand mixtures, 
baking times, gating and risering, air 
pressures, flask sizes, use of chills, 
finish and inspection requirements 
are but a few of the items that 
standardization can help. 


Operating Standards 

If the foundry management does 
not provide these operating stand- 
ards for its line supervisors, it can 
never hope to produce uniform 
quality or to keep defective work 
under control. If one way is better 
than another, management should 
see that every foreman knows and 
teaches that method. 


After the right layout and method 
are devised, motion study comes in 
to further simplify the work or 
human effort. The one best way 
must be set as the standard, and the 
proper time for it must be estab- 
lished either by time study or by 
time-studied standard data and 
figures. 

Wage incentives are needed, be- 
cause a good man working hard can 
exceed a fair standard by 20 to 30 
per cent and deserves a 20 to 30 per 
cent reward for such output. 


Cost standards are another part 
of the standards program. Good 
management should be able to tell 
its supervisors the proper cost for 
any operation. If it cannot do so, 
it cannot fairly tell when a foreman 
is making a real success of his job. 

Cost standards should be estab- 
lished to provide a comparison for 
dollar spent for labor, material, and 
expense under all conditions and for 
all classes of work. 


3. There is the program of cost 
control. Good standards, adequate 
incentive plans, and proper cost con- 
trol budgets provide management 
with tools for knowing where they 
are going profit-wise. Labor needs 
can be forecast based on tomorrow’s 
schedule. 


Actual labor used can be com- 
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pared to standard for yesterday’s 
performance and for last week’s. 
Labor costs and all other elements 
of expense can be compared weekly 
or monthly as preferred. 

The line supervisor must be the 
manager of his department. He 
spends money every time he signs a 
labor ticket or a material requisition 
He must know what he spends and 
how this total stacks up against what 
he should be spending. Unless man- 
agement can tell him this, they can- 
not expect him to contribute in- 
telligently to the profits program. 

Every management should be able 
to estimate its cost before it takes 
an order. The easiest and quickest 
way to go broke is to sell at or under 
the competitor’s price without know- 
ing if the price is right or if one can 
produce as economically as can his 
competitior. The scores of foundries 
which go broke every year attest to 
the danger of this sales-pricing 
method. 


Cost Accounting System 

Accurate estimating of expected 
costs before a bid or price is ever 
made is the answer. The sound 
foundry estimate should come as a 
combination of careful planning for 
the equipment and the operations, 
coupled with the determination of 
the probable output per man hour, 
sound prediction of scrap losses, plus 
proper application of metal costs and 
overheads for departments and for 
plant-wide expense. 

The industrial engineer should 
steer every estimate and compile it, 
but it must meet with the approval 
of the planning group and of the 
superintendent. 

Good profit control demands an 
accounting system which makes 
profit figures readily available during 
a run as well as at its conclusion. 
The industrial engineer should have 
access to all actual cost data and be 
able to turn out comparative cost 
figures that parallel his estimate at 
any time the management, the sales 
department, or works manager re- 
quire information as to the status of 
a job or order. 

A foundry seldom makes money 
by accident. Eternal vigilance and 
constant cost comparisons with the 
standards or the estimates are 
powerful elements of profit control. 

How to Correlate Staff and Line 
Operations. To attempt to jam a 
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time study or wage incentive pro- 
gram down a foundry foreman’s 
throat is futile. Passive resistance on 
his part is such a strong and yet so 
subtle a weapon that he can render 
the best of engineering programs 
valueless. 

Unless the foreman can under- 
stand the program and can appreci- 
ate its need, one should either give 
up the program or change the fore- 
man. This is harsh advice but is 
seriously given and with an idea to 
economy of time and expense 

Definitions help. Delineation of 
authority between staff and foreman 
in a single-plant company, or be- 
tween general office staff and the 
works managers in a multi-plant 
company is highly essential. The 
foundry manager has a right to feel 
that he is running every man in his 
plant and that all plant staff men 
are his own staff. 


He is, therefore, vitally concerned 
with programs, plans, and installa- 
tions on which his staff work. He 
wants no cut and dried incentive 
plans or control media foisted on his 
organization until he can review and 


test them in the light of what is 
sound or beneficial for his men and 
his foundry’s operations. 


Planning the Program 

Best way, then, to begin any staff 
program is to plan it out all very 
carefully with the men who must 
help make it work. If in a single- 
plant company, the operating head, 
the plant manager, the superin- 
tendent, the controller, the person- 
nel man, and the industrial engineer 
or staff head all should participate. 

If in a multi-plant company, the 
operating vice-president, the con- 
troller, the personnel director, the 
chief industrial engineer, and the 
works managers of all plants. con- 
cerned should take part. 

Plans under consideration should 
be considered and tested from 
numerous angles. How would they 
affect the workers and the foreman; 
what new records «yould be re- 
quired; what of production; what 
about costs of installation and oper- 
ation; how about the profit angle? 

Sound planning of this nature 
takes time. Any foundry can im- 
prove its employee relations if it 
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studies and analyzes its whole wag 
administration program with an ey: 
to coming abreast of the times. 

Necessary, or at least extreme! 
helpful, are frank and open state 
ments of policy, the preparation o! 
an employees’ manual, the adoptior 
of an evaluated wage schedule, th: 
issuance of a clear-cut statement or: 
explanation of any new or old in- 
centive plan, and the undertaking 
of broad educational or training 
plans to acquaint both supervision 
and workers alike with the objectives 
of management. 

This sounds like a big mouthful, 
but the preparation and explanation 
of such a broad program will force 
management to correct inconsist- 
encies in operations and policies, and 
will return healthy dividends. Best 
of all, the work bridges the hereto- 
fore uncrossable gulf between line 
and staff, sets them to pursuing a 
common goal, with a mutual respect 
each for the other. 

From understanding comes co- 
operation and cooperation points the 
way to success. 
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HE dollar interest is probably 
not the dominant human mo- 
tive, but it is an important 
one and a very good measure of the 
practicability of any reform or of any 


good intention. The dollar stands 
as a constant critic over our acts and 
limits them. 

If the systems for the recovery of 
sand now wasted from foundries 
could not show a dollar saving, it 
would be very hard to bring them 
into use, even if the results were 
superior to results previously ob- 
tained. It is our primary conten- 
tion that the quality of castings 
which can be produced in a foundry 
using a reclaimed sand will be better 
in most instances and on the average 
than can be produced from new 
sand. However, the money saving 
cannot be overlooked; it is there. 

The statement concerning the 
quality of castings will be less star- 
tling when it is apparent that a sand 
reclamation system is a compulsory 
sand control, with all that that im- 





Fig. I1—Sand under the microscope. A 
magnesium sand at 40x. Top—New sand. 


Bottom—Reclaimed sand. 





plies. It can and will give control, 
within certain limits, of the grain 
size and distribution, cleanliness, 
moisture content and even the tem- 
perature of the sand. Because one 
starts with a known quality which 
can be the same every time, refine- 
ments in procedure in amounts of 
bond, moisture, mulling time, etc., 
will have meaning. 


Waste Sand Economic Aspects 

This preface concerns itself with 
the economic aspects of sand recla- 
mation systems, and begins with the 
point that sand is the most consid- 
erable item of waste in most found- 
ries. This waste comprises a great 
deal more than the cost of the new 
sand. Whenever new sand is bought, 
an equivalent amount of waste sand 
must be hauled away or the foundry 
will fill up. Disposal charges must, 
therefore, be added. 

In addition, there are unloading 
and other handling charges, but the 
major item is storage space for the 
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* improving castings quality by the use of re- 
claimed sand. 
reclamation process in itself controls sand grain 
size and distribution, cleanliness, moisture content 
and temperature. Sand storage and waste dis- 
posal problems are solved in many instances. 


Within certain limits, the sand 


winter months in those regions where 
it can neither be delivered or stored 
outside during a part of the year. 
All of this must be added to the 
cost of the sand. 

It is now practicable to wash, 
scrub, classify and dry foundry sands 
of most kinds for somewhere between 
50 cents and one dollar a ton, in- 
cluding the folowing items: power, 
water, fuel, direct labor and main- 
tenance with its labor. The precise 
process and the precise equipment 
necessary for any given plant and 
process can be determined only by a 
study of the individual foundry, 
although foundries fall into several 
definite groups. 

In very small foundries, the capi- 
tal cost of equipment to accomplish 
this purpose will be too great; also, 
labor costs increase sharply with de- 
creased volume. For example, one 
man can operate a system deliver- 
ing 15 tons an hour about as easily 
as he can operate a system deliver- 
ing 5 tons an hour or, for that 
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matter, one ton of sand per hour. 

Not only the very small foundry 
but certain other types of foundries 
are not in a position to consider 
sand reclamation systems. Typical 
of these are many foundries in Eng- 
land where the material used in 
molding is not sand but chamotte 
or loam, or in this country, foundries 
using cement, which latter presents 
its own particular difficulties. 


Sand Quality 

Certain other foundries cannot 
well use a reclamation system be- 
cause of the quality of the sand they 
now employ. These foundries have 
found it economical in the past to 
use a relatively cheap sand available 
locally, even where it is weak and 
the loss is very great. 

This condition obtains most con- 
spicuously in the Pacific Coast area, 
where very few really good sand de- 
posits have been found. In many 
of these foundries, a reclamation 
system will justify a change of sand 
and of sand practice from local 
sand with a low initial cost to a 
better sand obtained even at a much 
greater cost from a distance, or the 
use of a high grade local sand if it 
is available. 

Granted a recovery of 85 per 
cent, which is quite possible with a 
good sand of the proper grain shape, 
it will be cheaper to start with a 
sand at $10.00 a ton than with an 
unsatisfactory sand at $2.00, and 
better castings will result. This, in 
a way, frees the foundryman from 
the purchasing agent and permits 
him to make a technical improve- 
ment at a saving. 


Special Materials 

In some exaggerated cases, recla- 
mation systems will permit the use 
of special materials needed to ac- 
complish some particularly desirable 
result. From the dollar point of 
view, if it were desirable technically, 
it would be possible to use zirconium 
silicate in large quantities instead of 
silica sand, provided that a recovery 
of 90 per cent could be obtained. 
This, of course, would hold only in 
special cases where the supposed 
advantages of a very high sintering 
point would warrant the use of the 
material. If is merely pointed out 
that economically such a step would 
be possible. if it were desirable. 

The question of disposal of waste 
sand deserves further elaboration. 
Many foundries were built on what 


was apparently waste land, quite 
often in swamps, and the waste ma- 
terial was used as fill. Certain 
long-sighted foundry executives se- 
lected sites which later became real 
estate developments. The swamps 
do not last forever and the real 
estate developments become reali- 
ities, and the problem arises sooner 
or later of hauling sand a greater 
distance and paying a premium for 
the privilege of dumping it. 

In some cases, also, the sand used 
to be dumped into rivers, a practice 
which is not looked upon with any 
favor by local communities. A great 
many foundries are, therefore, faced 
at this moment with increased dis- 
posal costs running from $1 to $2 
or $3 a ton. 

It might also be pointed out here 
that the scrap sand usually contains 
a considerable gmount of iron. 
Under war coulda: this loss of 
metal has been greatly reduced by 
the amount which could be salvaged 
as a by-product of the sand recla- 
mation system, and is another item 
on the profit side. 


Sand Storage 

Storage space is an interesting 
by-product of a sand reclamation 
system. Assuming an average use 
in steel foundries of one ton of new 
sand for every ton of castings pro- 
duced, and regarding the transpor- 
tation season as closed for 4 months 
of the year, it is easy~to arrive at 
a minimum safe storage capacity 
for a foundry of any size. Bins cost 
money and take up space, and to 
be useful require a roof. 

A sand system with a yield of 85 
per cent will eliminate the need for 
85 per cent of this storage space. In 
several instances, the cost of bins 
with their handling system was not 
greatly less than the cost of a sys- 
tem to reclaim the sand. 

Outside storage is a practical im- 
possibility in a well-conducted 
foundry. Some foundries have been 
forced to store the sand outside, but 
few like to do so. They anticipate 
difficulties whenever they have to 
use sand from an outside pile unless 
they have equipment to thaw and 
dry it. 

Most foundrymen have also had 
experience with wet cars and with 
frozen cars. It is common practice 
in many foundries to dry all core 
sand in any event, thus gaining one 
of the advantages of a reclamation 
system, namely, a controlled mois- 
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ture content. Drying sand in th 
method is not as economical as 
could be. Some cars are much wet 
ter than others, and drying systen 
have to be overdesigned to meet th 
extreme conditions. 


Drying Core Sand 

It is not always easy to chang: 
the setting of burners when rela 
tively dry sand is received, and the 
sand is overheated and retains its 
heat for a long period in the storag: 
bins. This will have a particularly 
bad effect in large corerooms wher 
cores are made on a production line 
The temperature of the sand is im 
portant in the control of moistur: 
and, under some conditions, may 
result ultimately in stickiness in cor: 
boxes. 

In the preparation of this paper 
which does not go into the econo- 
mies of sand reclamation, data wer 
obtained from the results in seven 
or eight foundries which have used 
this system over many years and 
processed many thousands of tons o! 
sand; and from a pilot plant having 
a capacity of between one and thre: 
tons per hour, dependent upon th: 
particular problems to be solved 
Sand from more than 100 foundries 
has been run and examined in this 
pilot plant. Most of the runs wer 
based on 5-ton lots of waste sand 

The sand has been collected from 
many sources—floor sweepings, core 
butts, shakeout material. In many 
cases, the reclaimed sand was re- 
turned to the foundry and used in 
cores or in facing material with sat- 
isfactory results. Processing of lots 
of less than 5 tons is not considered 
significant. Laboratory tests in 
themselves mean nothing whatever 
The answer is good castings. 


Sand Reclamation 

Definition—By sand _ reclamation 
is meant the processing of spent 
foundry sand, normally wasted, in 
such a manner that it may be used 
in place of new sand without sub- 
stantially changing current practice 

It is necessary to make this defi- 
nition clear because the term ha: 
been applied to a variety of proc- 
esses in which this object was not 
attained and, perhaps, not sought 
In this paper, the word “recovery” 


/ 


will mean the percentage of treatec 
sand, suitable for use instead of new 
sand, which is yielded from any spe- 
cific sand reclamation system. 

The subject matter is of almos' 
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GRAY IRON SAND RECLAMATION NON-FERROUS SAND RECLAMATION 


All photographs at 15x; enlarged to approx iil ph raphs at 15x; enlarged to approx 

















Fig. 6—Discard sand (used). Fig. 9—Discard magnesium sand (used). 








Fig. 7—Sand as reclaimed. 


Fig. 10—Magnesium sand as reclaimed. 
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Fig. 13—Sand as reclaimed. 


I he Se color plates ol sand were 
certain limitations imposed by black-and-white photographs. Most of the 


cs ape 


the new sand, is misleading, 


slides of sand projected on. the screen are somewhat more 


l'ypical sands for 


pilot plant 


the product resulting from burning a heavily bonded sand 


any well-« 


result of dyeing cores with 


ai al proc ess Pastel shade s ot color 


analine dyes 





STEEL SAND RECLAMATION 


Fig. 14—Used sand ignited to show residue. 


not prepared with the intention of showing true color but rather to 
bluish cast, even in 
as comparison with the black-and-white photographs will show. Color 


Ssatisiactory 





iron and light metals were selected for 5-ton runs in a 3-ton-per-hour 
ignited to show in an exaggerated manner 


14), the spent sand was 
[his does not represent the product of 


l from light metal sands (Fig. 9) are the 
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o interest to foundries using naw- 
illy bonded sands, but the practic: 

such foundries of adding new 
ashed sand or relatively clean spent 
ore sand to keep up the permea- 
lity of the naturally bonded mold- 
ng sand serves to bring out another 
joint, and may better define the 
bjects of this paper. 

In several foundries visited, some 
ficial has flatly asserted that they 
lready recover their core sand. 
Upon further inquiry it developed 
that they were permitting a portion 
f their used core sand, or all of it, 
to mix with the molding sand to 
naintain its permeability and, at 
the same time, adding bond to keep 
its strength. In such 
ourse, they were buying new sand 


cases, ol 


for use in cores and in facings, and 
were wasting tonnage roughly equiv- 
ilent to the new sand which was 
yuurchased. 


Core Sand Production 

In one foundry visited 5 or 6 
vears ago, there was no apparent 
waste, but the foundry superintend- 
ent pointed out that the floor at one 
end of the foundry was 4 or 5 ft. 
higher than it had been 2 or 3 years 
before. These foundries are, of 
course, making molding sand out of 
core sand. However, they are not 
reclaiming core sand in the meaning 
of this paper. 

Whatever the practice, core sand 
sand 
relatively free from bond, sometimes 
mixed with used sand in small pro- 
portions and frequently with the 
additions of material like silica flour, 
oil, small percentages of fire clay 
and some material such as cereal 


is almost invariably a new 


flour. The point is that for cores 
and some facings new sand is, by 
more or less common consent, re- 
quired. It is the production of this 
sand, or its equivalent, from waste 
materials to which the various proc- 
esses of sand reclamation are 
pointed. 

Nature of Sand—To accomplish 
the purpose of producing a good 
core sand from spent core sand or 
from molding sand, it is necessary 
to examine the characteristics of 
individual sands and even individual 
sand grains at some length before 
attempting production. 

A.F.A. standards classify sands 
into angular, subangular and round 
grains. Inasmuch as these sands 
have been laid down by nature and 
are the result of erosion and of 





This paper was secured as 
part of the 1945 "Year-Round 
Foundry Congress’ and is spon- 
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A.F.A. 











natural water classification the 
shape of the sand grains in them- 
selves gives a clue to certain of their 


physical characteristics. 


Sand Grain Shapes 


The angular grains must have 
sharp cleavage planes and must be 
weak or they would not have broken 
into angular forms. They will prob- 
ably be weak in handling, and will 
probably more or less 


break up 


readily when exposed to heat shock. 


Subangular grains are _ fractured 
grains which have been partly 
rounded, and round grains have 


withstood erosion or abrading move- 
ment without fracture. 
acteristics have a direct bearing on 


These char- 


the suitability of any sand reclama- 
tion system, as will be explained 
later. 

The chemical composition of the 
sand grains may be of great impor- 
suitable for 


tance. The grains 


foundry use must be substantially 
pure silica. A few other materials 
such as zirconium silicate offer some 
possibilities (in spite of their ex- 
pense), but silica sand is and will 
probably remain the basis of foundry 
practice. 

The sands themselves may be col- 
ored by impurities, and these im- 
purities have a slight effect on the 
suitability of the sand for foundry 
use because they, in the main, lower 
the sintering 
Relatively large numbers of grains 


point of the sand. 
containing a considerable portion of 
iron oxide will not affect castings 
adversely unless they are subjected 
to intense heat for a long time, or 
when certain other impurities such 
as calcium carbonate are present. 


Surface Condition 

Another 
which is important is the condition 
If the sand grains 
are heavily pitted or very irregular 


characteristic of sand 


of the surface. 


in shape, they will absorb more oil 
or other bond to attain the required 
strength and other physical charac- 
teristics. 
explain this.) 

With the foregoing in mind, there 
are three general methods of pro- 


(Examination of cuts will 
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ducing good sand from waste sand 

] The dry system, (2) the ther- 
mal or burning system, and (3) the 
wet system 

The dry system has been in use 
for many vears and falls short in its 
end result. The lumps of sand are 
broken and the material moved with 
more or less agitation through a 
series of screens and through a 
column of moving air, the velocity 
of which is adjusted to throw off 
the dust. 

The process serves admirably to 
open up tight sand, and it has per 
mitted an overall saving of consid 
erable importance The resulting 
product is generally not usable where 
rebonding must be done with oil. 
and has not generally been success- 
ful as a substitute for new silica 


sand, eithe: naturally bonded o1 
washed 

One of the weaknesses of the dry 
amount ol 


system has been the 


wasting. Currents of air cannot dif- 
ferentiate between clay and sand 
and, in order to remove a substan- 
tial proportion of the clay, relatively 
large percentages of silica fines are 
removed. In one case which came 
under observation, this percentage 
of removal into dust collectors 
amounted to about 30 per cent of 
the total weight processed, and rela- 
tively large additions of silica flour 
or float sand had to be made to 


prevent penetration 


Thermal Process 

The thermal process relies for its 
effectiveness on volatilizing or burn- 
ing the carbonaceous materials, that 
is, residual oil and carbon, including 
various washes which have coated 
the sand. This system was described 
by Hartley* in 1945. 
in general, brought up to tempera- 
1000° F., the volatile 
matter burned off, and any clay 


The sand is, 
tures above 
particles or dust removed by ai 
separation from the end product 
The sand is then cooled and re-used 
The third method will be gone into 
in more detail. It is essentially a 
process of wetting down core and 
molding sand, breaking down the 
lumps in a wet crusher, scrubbing 
this sand by pumping or by addi- 
tional means when necessary, classi- 
fying out the dirt and undesirable 
fine material to reproduce a sand of 


*W. L. Hartley, “Thermal Process of 
Core Sand Reclamation,” TRANSACTIONS, 
American Foundrymen’s Association, vol 


51, pp. 207-209 (1943). 














































































Fig. 2—New gray iron sand, 40x. Same 
sand as shown in color in Fig. 5. (Reduced 
one-third for reproduction.) 





the grain size and distribution de- 
sired, dewatering and drying. 

No particular details of the sys- 
tem itself are included in this paper, 
and the process is described only 
insofar as it wil! clarify thought on 
the end result. Work on this proc- 
ess was begun in an orderly man- 
ner before 1935, and encouraging 
results were obtained on _ certain 
sands in 1936 

It became apparent very early 
that, although many people have 
made attempts in this field, no 
standards had been set up. Short 
of putting in a full-production in- 
stallation in a going foundry, there 
seemed to be no way of. telling 
whether any given product was suit- 


able for re-use. 


Wet System Installation 


A full-scale installation was even- 
tually put in and operated success- 
fully.* However, it told much less 
than was expected. It merely proved 
that, with that particular practice 
and with those particular castings, 
This first 
attempt was made in a steel foundry 


the sand was satisfactory. 


in which approximately 15 tons of 
sand an hour pumped against rather 
excessive heads producing a scrub- 
bing action, and the sand then classi- 


Much 


fied, dewatered and dried. 


*Howard Mason, “Steel Sand Prepa- 
ration by the Wet Method,” 7 RANs- 
ACTIONS, American Foundrymen’s Asso- 


ciation, vol. 49, pp. 1115-1131 (1941). 


credit must be given this foundry 
for its pioneering courage 

After a somewhat extended period 
of incredulity, another foundry mak- 
ing steel castings of much greater 
variety and with a somewhat dif- 
ferent sand put in a system operat- 
ing at 5 tons an how The yields 
of recovery in both cases were better 
than 85 per cent ol the possible 
yield. 

Both of these foundries used ben- 
tonite, and some of the sand treated 
had been bonded with oil, but the 
percentage of oil-bonded sand was 
relatively small and no conclusions 
could be based on those results for 





Fig. 3—Discard gray iron sand, 40x. Same 
sand as shown in color in Fig. 6. (Reduced 
one-third for reproduction.) 





sands bonded essentially with oil, 
with pitch or with resins of various 
types. Sand from both of these 
foundries was suitable for making 
oil sand cores where they were 
needed, and there was no essential 
difficulty in providing sand suitable 
for making a small proportion of oil 
sand cores in these two installations. 

It became apparent long before 
the second system was in operation 
that a great deal of work would 
have to be done on the determina- 
tion of standards and means of 
measurement, particularly of clean- 
liness. How clean is clean for any 
given purpose ? 

At this moment a large company 
had under contemplation a new 


foundry in which it was proposed to 
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include a sand recovery system 
some sort. The development of t! 
wet reclamation process had arriv: 
ata point where the results could | 
of some assistance, and a long seri 
of tests were carried out in the con 
pany’s and author’s laboratori 

using the same oil, the same sand 

the same methods of ramming an 

of baking. 

A great variety of scrubbing mean 
were explored in this connection 
but for the purposes of measuring 
the cleanliness of foundry sands i) 
steel and gray iron, a comparison o! 
tensile strengths of new sand, of 
approximately the grain size and dis 
tribution, with the recovered san¢ 
proved to be a satisfactory index. 

There are other important cr 
teria. One of the possible significant 
measurements is permeability. The 
permeability of the treated sand i 
generally slightly higher than th: 
permeability of new sand. This may 
result from the presence of a num- 
ber of smaller particles in the new 
sand, chiefly organic matter or cer 
tain surface adhesions, usually iron 
oxide. 

Any reclamation process tends to 
eliminate fine material, but there is 
no reason why these fines cannot be 
recovered also if it is worth while 
Experiments now are being con- 
ducted with the recovery of silica 
flour and silica fines of below 140 





Fig. 4—Reclaimed gray iron sand. 40x 
Same sand as shown in color in Fig. 7 
(Reduced one-third for reproduction.) 
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nesh from the clay and bentonite 
ludge in a steel foundry. 

A separate system sometimes is 
lesirable because these fine materials 
ire generally used in facing and 
hould not be distributed through- 
uut the sand. Some _ permeability 
ispects in connection with classi- 
fication will be brought out in an- 
‘ther paragraph. 


Sand Flowability 

Another characteristic of sand 
which might be examined is flow- 
ibility. This subject has aroused so 
much discussion and contradiction 
that no special point is made of this 
measurement at this time. However, 
it might be said that reclaimed 
sands, with any core blower or when 
using a slinger or any of the various 
molding machines, have not yet 
shown any marked variation in be- 
havior from that encountered when 
using new sand. 

Of very much greater importance 
than permeability or flowability is 
loss on ignition and gas evolution. 
Gas evolution measures the quan- 
tity of gas evolved when the speci- 
men is heated to a temperature of 
1800° F. Loss on ignition is merely 
loss in weight upon ignition. 

Gas evolution is primarily im- 
portant in sands used for the light 
metals and other alloys. Certain 
additions to the sand for these 
metals tend to produce gases in 
rather large quantity, and sands 
should, therefore, be as free from 
gas as is practicable in order to 
minimize as far as possible the 
danger of blowbacks, etc. 


Cleanliness of Sand 

The final test of cleanliness is 
frequently overlooked. It is a study 
under a relatively low-powered 
microscope. The character of the 
surface, the percentage of each sur- 
face shown to be absolutely clean and 
the color of the residual material 
will, after a little experience, give 
important information. 

The actual color of the pile of 
sand is of relatively little importance. 
With proper characteristics it could 
be yellow or green or blue, and no 
one would care so long as good cast- 
ings could be made by using it. 

A number of other indications will 
serve as indices to cleanliness. If the 
sand is readily dewatered the surface 
of the sand grains is free from ab- 
sorbent material. The ease with 
which the sand will “wet out” in 


water is likewise quite significant. 

In practical experience, it may be 
said that where reclaimed sand has 
been used successfully in making 
castings, this sand had a tensile 
strength, under conditions previously 
described, substantially equivalent to 
that of new sand of the same grain 
size and distribution, and that the 
gas evolution showed little if any in- 
crease. Until there is full evidence 
to the contrary, it will be assumed 
that the tensile strength is of prime 
importance only where certain types 
of bond are used. In the manufac- 
ture of light metal castings or in 
cases where the oil is not exposed to 
sufficient heat for a long enough 
time to burn itself out, tensile 
strength is a factor. 

In the latter case a gummy resi- 
due, unless removed, may actually 
increase the tensile strength. In 
such cases, of course, the gas evolu- 
tion would show a startling increase. 


Cleaning Sand Grains 

As to the method of cleaning the 
grains, several factors should be 
noted. Many types of sand, par- 
ticularly those bonded primarily 
with clay or bentonite, are readily 
scrubbed and are usually sufficiently 
free from dead bond on the surface 
of the individual sand grains after 
controlled pumping and classifying. 
Within rather narrow limits, the effi- 
ciency of the abrasive pumps as 
scrubbers may be increased by arti- 
ficially increasing the head and the 
speed of the rotor in the pump. If 
this is carried to a great extreme, the 
pump will wear out unduly. 

It was found, for example, in an 
orderly determination that a diffi- 
cult sand could be cleaned ade- 
quately by pumping 19 times against 
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a head of 100 feet. This could be 
accomplished, of course, by pumping 
in a circuit and bleeding off a suit- 
able proportion of the material as a 
finished product. 

From an engineering standpoint, 
exaggerated treatment in a pump is 
unsatisfactory, and the pumps should 
be considered primarily as a con- 
venient means of conveying and only 
incidentally as sand scrubbers. In 
the pumps, as in other forms of 
scrubbing devices, round grains are 
easier “to clean than subangular 
sands, and subangular sands are 
easier to clean than angular sands. 

In the process employed for these 
tests, scrubbing is accomplished by 
the action of one sand grain upon 
another. It is a kind of kneading ac- 
tion done with controlled moisture 
content to give a minimum of break- 
down and maximum of rubbing 
The sand grains thus freed of the 
bond material will fall through a 
rising column of water of suitable 
velocity and the fine material will be 
carried away. The subject of classi- 
fication, in itself, offers material for 
almost unlimited discussion but only 
the following remarks will be made. 


Classification Limits 

Classification is a phenomenon de- 
pendent on surface tension of the 
medium and density of the solids. 
However, the density becomes less 
important as the materials become 
finer and their proportion of area to 
mass increases, as shown in Table 1. 

It is fortunate that the practical 
limits of simple water classification 
lie rather closely within the limits of 
sands generally used in foundries. 
It is fairly easy, for example, to 
produce a sand free from material 
below 140 mesh or below 120 mesh 




















Table 1 


RELATION OF SURFACE AREA TO SCREEN SIZE 
(Area of Sphere = 7 D*) 


Area 
Screen Opening, Area per Grain, Grains per per Cu. In., 
No. in. Sq. in. Cu. In. sq. in. 
6 131 
12 .065 .05388 443 23.6 
20 .0328 .01326 3,630 48.2 
30 .0232 .00336 28,400 95.4 
40 .0164 .00169 79,000 133.5 
50 .0116 .00084 226,000 188.0 
70 .0082 .00042 620,000 260.5 
100 .0058 .00021 1,810,000 380.0 
140 .0041 .00010 5,100,000 510.0 
200 .0029 .00005 14,500,000 725.0 
270 .0021 .00003 41,000,000 1,230.0 
Pan .00001 108,000,000 1,490.0 
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Table 2 
COMPARISON OF NEw AND RECLAIMED Core SANDS 
—_—_—— Steel Sand —————-~  —— Gray Iron Sand Non- Ferrous Sand ——— 
Discard, New, Reclaimed, Discard, New, Reclaimed, Discard, New, Reclaimed, 
e n re r cent erc er t r t r t er t er cen 
Screen No. Retained Reteined Retained Kitained Retained Riteined Riteined Retcined eteined 
6 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 
12 0.04 0.00 0.00 1.20 0.00 0.00 0.00 0.00 0.00 
20 0.08 0.04 0.04 6.70 0.10 0.00 0.04 0.00 0.12 
30 2.90 2.36 2.70 5.44 0.66 0.74 0.20 0.02 0.16 
40 32.96 25.80 37.80 12.82 9.20 7.02 4.16 1.46 3.76 
50 32.80 35.24 41.40 41.26 49.80 43.00 44.56 43.44 49.26 
70 11.10 17.22 13.64 20.26 22.24 29.58 36.00 44.20 36.80 
100 5.10 10.46 3.70 5.66 6.34 9.54 11.02 10.26 8.78 
140 2.60 4.36 { 4.02 6.78 6.64 2.00 1.00 
200 1.34 1.50 10.30 1.74 4.18 2.86 0.40 0.46 0.10 
270 51.50 0.34 *4 0.22 0.42 0.40 0.10 * $0.02 
Pan i] 0.46 0.24 0.02 0.20 0.02 ) 
Clay 9.56 1.60 0.20 0.36 0.18 0.00 1.50 0.16 0.00 
Total 99.98 99.88 99.78 99.98 99.92 99.98 100.00 100.00 100.00 
Physical Testst 
Green Permeability 75 128 287 88 119 119 110 128 134 
Dry Permeability 115 178 358 104 138 140 125 143 149 
Flowability 76 90 91 85 88 89 92 92 92 
Avge. Tensile Strength, psi. 26.5 158.0 171.0 5.0 225.5 2 36.0 136.0 169.5 177.5 
Loss on Ignition, per cent 2.05 0.38 0.25 3.1 0.98 0.90 0.58 0.10 0.18 
Gas Evolution @ 1850° F., cc per gram 8.8 1.6 0.0 10.5 1.4 2.0 15.0 0.0 2.0 
+Oil to Sand Ratio: 90 to 1 (by weight). All tests made in accordance with A.F.A. Standards. 
*Indicate total grains remaining on sieve nos. within the brackets. 

















or below 100 and 70 mesh, whereas 
it is quite difficult to make a sepa- 
ration between 400 and 500 mesh 
material. The problem then be- 
comes an engineering problem of 
classifying and dewatering and final- 
ly drying the sand grains. 

Table 1 is wholly theoretical and 
is based on spheres all of one size, 
but it some facts 
about classification as well as some 
facts about rebonding core sands. 

The same _ characteristics that 
modify and limit wet classification 
a somewhat different 
range with air separation. It is the 
surface tension of the air which 
makes fine particles float, the pri- 
mary difference being that air is 
compressible and it changes its 
density rather rapidly with tempera- 
ture changes, whereas water is rela- 
tively and _ the 
changes in viscosity up to the boiling 
point are not great enough to affect 
classification for our purposes to any 


serves to show 


are true in 


incompressible 


practical degree. 


Comparisons of Sands 
Attention is called to Table 2 
showing comparisons of the screen 
analysis of new and reclaimed sands 
together with the other records con- 
sidered essential for comparison. 


One of these is from a steel foundry, 
one from a gray iron foundry mak- 
ing large miscellaneous castings, one 
from a gray iron production foundry 


using oil-bonded cores which burn 
out, and one from a magnesium 
foundry. 

Photographs in color of a few of 
these characteristic sands, processed 
chiefly by the wet method, are 
shown. One or two photographs 
show, in a rather exaggerated way, 
some of the characteristics which 
limit the burning process (Figs. 
5 through 14, pp. 52-53). 


Steel Foundry Sand 


Data are available in some detail 
on a number of commercial opera- 
tions in steel foundries. One foundry 
produced slightly over 52,000 tons of 
castings and used the equivalent of 
2% tons of new sand per ton of 
castings produced, or approximately 
125,000 tons of sand in somewhat 
less than a year. Another instance 
shows the washing and use of ap- 
proximately 100,000 tons of washed 
sand during 3% years. Another 
foundry has used this sand satisfac- 
torily at the rate of 35 tons per day 
for 3 years, making a total of 27,300 
tons. 

From five other plants, complete 
data are not yet available, although 
we understand that there is a paper 
in preparation which analyses the 
economies made by the use of sand 
at $12 a ton with a reclamation sys- 
tem as contrasted with sand at $2 a 
ton without reclamation. 

A summary of what might be rea- 


sonably expected of a wet sand re- 
covery system may be of interest. 

1. The color will not usually 
match that of new sand. It may be 
gray. This grayness is the result of 
small amounts of black carbonaceous 
material lying in the cavities on the 
surface of the sand grain and which 
cannot be readily and economically 
removed by the process of wet scrub- 
bing the sand grains. 

2. Grain size and distribution of 
the sand may be controlled within 
limits. These limits are determined 
by the grain size and distribution of 
the sand put into the system. Larger 
sand grains may be screened off at 
the beginning of the process and 
classifiers may be adjusted to remove 
fine material. 


Water Separation 


In some instances it is practicable 
to make a water separation of two 
or more classes of sand which will 
lie on coarser or finer screens. Such 
a division of sand is difficult, chiefly 
as an engineering problem, because 
it may involve duplication of de- 
watering and drying equipment or 
the successive treatment in the same 
equipment, first of one class of sand 
and then the other. 

3. Cleanliness of sand, apart from 
color, can be determined by physical 
characteristics, as previously de- 
scribed. 

4. Tensile strength should be sub- 
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A sand reclamation unit installed in one of the country's largest war plants. 


stantially equal to that of the equiva- 
lent new sand. 

5. Sintering point will not be re- 
duced. 

6. Moisture content will be con- 
trolled to a close degree. 

7. The temperature of the dried 
sand will be constant at a useful 
temperature. 

8. The sand will be usable in 
molding machines, core blowers and 
slingers. 

9. The baking time of cores will 
probably be different from that of 
new sand, but should be within a 
practicable range. 


10. Sand when tempered should 


not dry out too readily. In this con- 
nection, the scrubbed sand will often 
tend to dry out more readily than 
new sand because it contains less 
organic material. This can be reme- 
died by the addition of minute 


amounts of clay. 


11. The hardness of the cores 
made from sand reclaimed mechan- 
ically should be sufficient. 


12. The sand will 
more bond, particularly bond of the 
gas producing varieties, than was 
required for new sand and should, 
of course, not require any more from 
the point of view of economy. It 
may also be expected that a wet 
sand reclamation system will con- 
tinuously remove and discard the 
weak and cracked grains. 


require no 


This paper has not made any 
point of the effect of a wet sand 
reclamation system on dust control. 
It certainly offers advantages in this 
direction. The dust producing grains 
are largely taken off in the waste 
from the classifiers as slimes, the 
action paralleling to some degree 
that of wet dust collecting systems 


which may and, in fact, frequently 
do use common disposal tanks and 
other apparatus. 
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Dimension checking and visual inspection of 
a steel casting. 


N the writer’s opinion, one of the 
most important contributions 
the American Foundrymen’s As- 

sociation has made to the foundry 
industry has been the work done 
in calling to the attention of the 
various foundries the need for satis- 
factory inspection of castings. This 
phase of the American Foundry- 
men’s Association program has been 
materially increased in the past year 
and a half with the appointment of 
a national casting inspection com- 


mittee. 


Local Committees Urged 

It is hoped that as a result of this 
committee’s work, the individual 
chapters of the American Foundry- 
men’s Association will appoint local 
casting inspection cornittees to 
further investigate tic importance 
of this program. Even though the 
value of inspection of castings has 
been raised and brought to the at- 
tention of those involved as much 
a. it has, it is surprising to see the 
great number of foundries that do 
not have any recognized inspection 
organization whatsoever. Invariably, 
the foundries without inspection or- 
ganizations are those from which are 
received castings far below what 
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should be considered normal com- 
mercial quality. 

In the work of the Inspection of 
Castings Committee attention is 
often called to the value of such 
inspection processes as x-ray, gamma 
ray, and magnetic particle inspec- 
tion, but the factor that should con- 
cern most foundries is the value of 
just straight visual inspection. 

It is not the intent to imply that 
these more critical types of inspec- 
tion are not necessary. However, 
there is no need of worrying about 
such types of inspection as long as 
castings are shipped from foundries 
to ultimate users with cracks and 
blow holes so large that they not 
only can be seen plainly with the 
naked eye but many times are of 
such size that one can insert a finger- 
nail or whole finger in the obvious 
defect. For some reason or other it 
has been difficult to bring this seri- 
ous condition to the attention of the 
greater part of foundry manage- 
ments. 


Two Factors 


We cannot help but feel that the 
shipping of such obviously defective 
castings is caused by two factors. 
First, in the foundry that does not 
have an inspection organization, 
invariably that foundry manage- 
ment depends on normal segrega- 
tion of defective castings by both 
the cleaning room and the shipping 
room supervision and workman. It 


Fanagement, 





Are You 
Accepting 
Your 
Responsibility? 


By M. D. Johnson,* 
Factory Works Manager, 
Purolator Products, Inc. 

Newark, N. J. 


is natural that in these trying times 
ultimate users emphasize the need 
of a certain quantity of castings. It 
is just as natural that the cleaning 
room and shipping supervision will 
have as their main objective the 
shipment of the quantity of castings 
rather than to ship lesser quantities 
with the defective castings thrown 
out. Second, too often foundries 
talk in terms of the percentage of 
yield, but they look on this yield as 
the tonnage actually shipped from 
the foundry rather than the ultimate 
yield which would take from this 
the tonnage of castings rejected by 
the final users. 


Many Users Served 

There is no question but that all 
foundries serve many users, and these 
users of the castings have different 
standards of quality. However, if 
every foundry would institute an 
inspection program and discard the 
obviously defective castings which 
are of absolutely no value in any 
commodity, and then develop a 
more rigid method of inspection for 
the more critical users, then found- 
ries, in general, would materially im- 
prove their standing in the industry. 

We can think of no better way of 
concluding this article than asking 
you of Foundry Management if you 
are one who is willing to allow 
obviously defective castings to be 
shipped from your plant. 





Steel 
Castings 


RADIOGRAPHY 


By E. L. LaGrelius, East Chicago, Ind., and C. W. Stephens, 
Granite City, Ill, Supv. Met., Research Lab., and X-Ray 
Dept. Foreman, Respectively, American Steel Foundries. 


* Part | of this paper reviews briefly the underlying 
principles necessary for the production of good 
radiographs, proposes a concise radiographic 
terminology and lists the probable causes 


A DISCUSSION of the advan- 
vi tages and limitations of radiog- 
raphy to the steel casting industry 
should be prefaced by a considera- 


tion of the underlying principles 
upon which the process is based. 

[he primary purpose of radiog- 
raphy is to disclose the presence of 
defects or discontinuities in the in- 
terior of a casting. This is accom- 
plished by exposing a casting to a 
beam of X-rays which have the 
ibility of penetrating through the 
casting without being completely ab- 
sorbed. The absorption of an X-ray 
beam is dependent upon the amount 
of material it must penetrate — the 
greater the thickness, the greater the 
absorption. 

Therefore, when X-rays pass 
through a casting containing a de- 


for casting defects revealed by 


radiography. 


Fig. 6—Radiograph showing gas holes in 
casting as a result of imperfectly deoxidized 
metal. 
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fect or discontinuity there will be 
a variation in the amount of X-rays 
absorbed. Photographic film is gen- 
erally used to register this variation 
in absorption of the X-rays. The pre- 
requisites for a good film are, there- 
fore, that it will register accurately 
any variation in intensity of the X- 
rays passing through a casting, and 
that the absence or presence of a 
defect be clearly defined as to size 
and shape. 

The important purpose of this 
part of the discussion is to try to 


point out which factors an operator! 
can control in producing a satisfac 
tory radiograph 


Equipment 

The first of these factors is th 
selection of equipment to produce 
the necessary X-rays. This is de- 
pendent upon the size, shape and 
section thickness of the casting which 
the operator is required to radio- 
graph. The time which can be 
allotted to securing radiographs and 
the number of castings are impor- 
tant factors. 


Maximum 
Section 
Thickness, in 


Source of 
X-Rays, 
kilovolt 


220 to 250 
400 

1,000 
Radium 























The selection of the unit which 
will be required also entails the con- 
struction of adequate building space, 
crane service and developing and 
drying equipment. 

In selecting a unit the operator 
also exercises some control over the 
contrast of a radiograph. Contrast 
depends primarily upon the absorp- 
tion coefficient of the metal, and the 


absorption coefficient is a function 


of the X-ray tube voltage. High 
voltages produce radiographs of low 
contrast, while low voltages produce 
radiographs of high contrast. There- 
fore, using the lowest voltage that 
will give a readable film in a reason- 
able length of exposure time is the 
general rule. 


From the foregoing discussion, it 


Fig. 2—High contrast film. Step block of 
0.5 in., | in., 1/2 in. and 2 in. 


Fig. |—(Above) Penetrameters used. 


Fig. 3—High latitude film. Step block and 
procedure same as in Fig. 2. 


would seem that contrast obtainable 
at a particular voltage should be in- 
dependent of the thickness of a 
material, but this is not the rule be- 
cause of the scattering of X-rays 
within the material itself. To date, 
the only practical device to reduc: 
this scattered radiation is the use of 
0.010 lead screen on both sides of 
the film within the cassette. The 
front screen acts as a filter for the 
scattered beam and the back screen 
acts as an intensifying screen. 


Film 

The second factor over which an 
operator has some control is the re- 
cording device; that is, the proper 
selection of film. Radiographers are 
always endeavoring to increase sensi- 


tivity. Sensitivity is defined as the 





mallest detectable defects in _per- 
centage, the size of defect to section 
thickness. Generally, a sensitivity of 
2 per cent can be obtained. A de- 
fect of 0.02 in. would be located on 
1 radiograph made of a one-in. sec- 
tion 

In order to determine whether or 
not a radiograph has the proper 
radiographic quality, in that all de- 
tail structures are visible indicat- 
ing proper exposure technique, a 
penetrameter is used. 


Fig. 4—Radiograph of casting using low 
density film. 


The penetrameter generally used 
consists of a thin sheet of the same 
base metal having the same density 
as that of the metal to be radio- 


graphed. Each penetrameter has an 
area of % by 1% in. of a thickness 
equal to 2 per cent of the thick- 
ness to be radiographed. In each 
penetrameter there are three holes 
having diameters of 2, 3 and 4 times 


Fig. 5—Same as Fig. 4 except higher density 
film used. 


the thickness of the penetrameters, 
as shown in Fig. 1. A lead numeral 
indicating section thickness is at- 
tached to one side of the penetra- 
meter. 

The latitude characteristics of a 
radiographic film is the exposurt 
range over which various defects are 
satisfactorily revealed when radio- 
graphs are made of castings having 
widely different thicknesses, as shown 
in Figs. 2 and 3 

The sharpness or detail of a radio- 





graph is also dependent upon several 


factors. The eye detects images of 
low contrast if the outline is sharply 
defined 


may be improved by changing to a 


Che sharpness of an image 


smaller focal spot or by increasing 
tube to film source distance. 
Manufacturers today produce 
three distinctive types of industrial 
X-ray film 
| Slow 


definition), high contrast (op- 


Fine grain (optimum 


timum visibility and of low 
speed } 


Medium varge grain, me- 





Fig. 7—Radiograph showing gas holes in 
casting as a result of mold surface moisture. 
dium contrast, 22 times speed 
of slow film. 
Fast Large grain, medium 
contrast, 2 times speed of 
medium film. 

An operator also must decide 
whether he wishes to use a film of 
high contrast or high latitude. A 
film of high contrast possesses a low 
degree of latitude, and a film having 
low contrast will possess a wide lati- 
tude. It is 


sometimes necessary 


Fig. 8—Radiograph showing gas holes (due 
to entrapped air) and shrinkage cavities. 


when radiographing castings of vary 
ing section thicknesses to use a filn 
having a wide latitude, because if 
high contrast film were used thi 
thinner sections would appear ex 
tremely black and the thicker sec- 
tions so light that small density 
changes due to a small defect would 
be lost in the radiograph. 


Radiographic Density 
Radiographic density is defined as 
the degree of blackening of a filn 
and increases with increasing X-ray 
intensities. Density also may be de- 
fined mathematically as the log 





rithm of the reciprocal of the trans- 
l 


arency of a film (D log 


Thus, a film density of 1.0 means 
hat the blackening is such that only 
ne-tenth of the incident light passes 
hrough. For a value of 2.0 only 
ne-hundredth of the incident light 
asses through. Film densities have 
vecome greater, and better viewing 
quipment has been manufactured. 
We have experienced many times 
that harmful defects were not lo- 
ited on radiographs of low densi- 
ties. Films having densities below 
5 are unsatisfactory, and densities 
f 2.0 or over are better. By in- 
reasing the density, sensitivity also 
is increased, as shown in Figs. 4 


and 5, 


Secondary Radiation 


Another influencing factor on the 
production of good radiographs is 
proper shielding of film from stray 
or secondary radiation, created by 
various objects surrounding film, 
walls, etc. Secondary or stray radia- 
tion does not form any part of the 
X-ray image and only creates fog- 
ging. The influence of these rays 
may be curtailed by shielding the 


9—Above—Radiograph of casting showing shrinkage cavity resembling gas hole. 


Fig. 10—Below—Radiograph showing another type of shrinkage. 


cassette with sheets of lead on the 
back and sides. 

Now that we have sketched briefly 
the underlying principles of radiog- 
raphy, let us put these principles 
to use. The method of diagnosis, as 
applied to determining the type 
size and shape of an image outlined 
by the variance of film blackening, 
is the same as the medical profes- 
sion used in setting up its prin- 
ciples of film interpretation, dissec- 
tion or sectioning. Once we hav 
compared the image on a radio- 
graphic film with a visual inspection 
of the defect, we are able to state 
the type of defect in subsequent 
radiographs having the same image 


Application of Principles 


It is well to remember a few vital 
facts when viewing radiographs 
(1) Voids, cavities or other discon- 
tinuties in metal of uniform density 
will appear as dark areas on a film, 
whereas materials of higher density 
than the metal will appear lighter 
on the film. (2) Materials such as 
sand, ladle lining, etc., will appear 
as dark areas on the film. (3) Ex- 








cess metal on the surface (scabs, 
fins, etc.) will appear as light areas, 
whereas surface defects, scratches or 
depressions will appear dark. 


Radiographic Terminology 
It is important that a standard 
terminology be used in interpreting 
defects on radiographic film. Such 
a proposed terminology and the 
probable causes of these defects are 
given in the following paragraphs. 


, Gas Holes 

Gas holes appear as round or 
elongated, smooth dark spots occur- 
ring individually, in clusters or dis- 
tributed throughout the casting. 

This condition is the result of im- 
perfectly deoxidized metal ; gas form- 
ing during solidification by the evap- 
oration of moisture or volatile mate- 
rial from the mold surface; excessive 





Figs. 11 and 12 (Above)—Radiographs 
showing shrinkage in castings. 


Fig. 13—Radiograph showing sand trapped 
in metal during pouring operations. 


evolution from a core on account « 
insufficient baking or venting; or th 
entrapment of air in the cope sur 
face of a casting due to the inabilit 
of the gas or air to escape from thi 
mold cavity before the complet 
solidification of the molten metal 
Radiographs depicting various type 
of gas holes are shown in Figs. 6, 7 
and 8. 


2. Shrinkage 

Shrinkage appears as a dendritic, 
filamentary or jagged darkened area 

This condition indicates insuffi- 
cient feeding of a casting. This de- 
fect generally is found in the center 
wall section or under risers, thick- 
to-thin sections or improperly fed 
sections. Radiographs depicting vari- 
ous types of shrinkages are shown in 
Figs. 9, 10, 11 and 12. 


Heterogenetties 

3.1 Foreign material appears as 
isolated, irregular, or elongated vari- 
ations of film blackening, not cor- 
responding to variations in thickness 
of material nor to cavities. They 
may be due to the presence of sand, 
slag or oxides. 

This condition is caused by par- 
ticles of sand from molds or cores, 
trapped slag or other refractory 
materials trapped in the metal dur- 
ing the pouring operations. Radio- 
graphs of foreign materials are 
shown in Figs. 13 and 14. 


4. Sharp Discontinuities 

4.1 Hot cracks appear as ragged 
dark lines of variable width and 
numerous branches. They have no 
definite line of continuity and may 
exist in groups. They may start at 
the surface or be internal. 











TT ARES CORR ees gre Io. MS aed oh ed 


This condition is the result of the 
normal contraction of the casting 
which was restricted by the mold 
and/or core during or immediately 
after solidification, the magnitude of 
the restricting forces being greater 
than the strength of the metal in 
the casting at that time. A radio- 
graph of a hot crack is shown in 
Fig. 15. 

4.2 Cold cracks appear as a 
straight dark line, usually continuous 
throughout its length, and generally 
exist singly. These cracks usually 
start at the surface. 

Cracks of this nature may be pro- 
duced in castings being cooled from 
an elevated temperature during 
flame burning, grinding or quench- 
ing operations. Any of these opera- 
tions may produce stresses that ex- 
ceed the strength of the metal in the 
casting at some time during or after 
the operation. Examples of cold 
cracks in castings are shown by ra- 
diographs, Figs. 16 and 17. 





Fig. 14 (Left)—Radiograph showing slag in 


casting. 


Fig. 15 (Below)—Rediograph showing hot 
cracks in casting. 








4.3 Cold shut appears as a dis- 
tinct darkened line in bands of vari- 
able length and definite smooth out- 
line. 

Cold shuts are produced when 
two or more streams of molten 
metal flowing from different or sim- 
ilar directions fail to unite and form 
homogeneous metal. The basic cause 
for the occurrence of a cold shut is 
that the two bodies of molten metal 
which meet are at too low a tem- 
perature to join together. The sur- 








This paper, dealing with the under- 
lying principles of the radiographic 
process, was secured as part of the 
1945 “Year-Round Foundry Con- 
gress" and is sponsored by the Steel 
Division of A.F.A. Part Il of the 
paper discusses the application of 
the general principles of radiography 
to a production foundry. 
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faces of the cold shut may or may 
not be oxidized, depending on the 
magnitude of the defect. Cold shuts 
may be produced by interrupted 
pouring, slow pouring or the us¢ 
of molten metal too low in tempera- 


ture for the casting in question 


) Miscellaneous 


5.1 Surface irregularities are any 
image corresponding to an irregu- 
larity visible on the surface 

5.2 Misruns appear as prominent 
darkened areas of variable dimen- 
sions with a definite smooth outline 

Misruns are produced by the fail 
ure of molten metal to fill the sec- 
tion of a casting, leaving the region 
void, generally on account of pour- 
ing too cold metal. 

The general principles and the 
diagnosis of various defects that may 
be found in steel castings by the use 
of the X-ray, having been discussed 
briefly, their application to a par- 


Fig. 16 (Below)—Radiograph showing cold 
crack in casting. 
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HE company with which the 
i authors are associated has two 
] one-million volt X-ray machines in 


its Granite City plant. 

An exterior view of the X-ray 
building of this plant is shown in 
Fig. 1. It consists of a loading room, 
two separate X-ray set-up rooms, 
two control rooms, one dark room, 
and an office. 

The loading room (Fig. 2), which 
is 31x20 ft., has a 3-ton over- 
head crane and leads into both set- 
up rooms. In this room castings are 
transferred to trailers and moved 
into the set-up rooms. 

Figure 3 shows one of the set-up 
rooms, displaying the X-ray head. 
This room is 25 ft. square and 32 
ft. high. The walls are of concrete, 





Fig. 17—Radiograph showing cold crack (light section) in casting. 








the lower 16 ft. are 18 in. thick, and 
the upper 16 ft. are 12 in. thick. 
This provides adequate protection 
from the X-rays. The other set-up 
room is identical in size. 

Figure 4 illustrates the control 
panel of a million volt X-ray ma- 
chine. The operators are protected 
by a 36 in. concrete wall while oper- 
ating this panel. 

The dark room, shown in Fig. 5, 
is 21 x 24 ft. and L-shaped. There 
are two separate developing units, 
one horizontal dryer and three 
vertical dryers, which provide ample 
developing and drying space for 


Fig. |—Exterior view of X-ray building. 
castings are placed on trailers for transport into set-up rooms. Fig. 3— 
An X-ray set-up room equipped with a one-million volt X-ray machine 


ticular foundry will be discussed 
Part II of the paper. 


Acknowledgment 

Acknowledgment is made to tl 
personnel of the radiographic labor 
tories of the Granite City Pla: 
Indiana Harbor Plant and C; 
Armor Plant of the American Ste: 
Foundries for their assistance in pr: 
paring and selecting radiographs, t 
C. H. Walcher, Works Manager « 
the Granite City Plant, and to G. A 
Lillieqvist, Research Director, fo: 
their assistance in preparing th: 
manuscript. 








































efficient departmental operations. 

The office part of the building is 
25 x 38 ft. and L-shaped. Note in 
Fig. 6 how convenient the dryers 
are to the table where the film is 
assembled. 

The other part of the office is 
used for studying film (Fig. 7 
Note the four-panel illuminator used 
for viewing several films at once 
This arrangement is convenient for 







Fig. 2—Loading room where q 
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mparing like positions on different 

stings. 

At this plant the two one-mil- 

n volt X-ray machines are used 

lusively in two important fields: 
In the developing of foundry 
hnique in the production of steel 
stings, and (2) in the non-de- 
ructive inspection of steel castings. 

In developing foundry technique, 

mple castings are poured and 
<-rayed in their entirety. The films 
re inspected by the X-ray depart- 
nent and possible comparisons are 

ide. These, along with the read- 
ngs and findings, are reported to 
he Management and Planning 
Committee. (The Management and 
Planning Committee consists of the 
Superintendents of the Foundry, In- 
pection, Core Room, Pattern Shop 
ind X-ray departments. ) 

The films showing defects, or un- 
itisfactory areas, are reviewed and 
liscussed. The best results have been 

obtained by placing the picture (the 
film) of the unsatisfactory areas on 
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the casting as it was originally 
X-rayed. This leaves no room for 
loubt or misunderstandings. Plans 
to eliminate undesirable conditions 
ire agreed upon. Thus, in a short 
time, the casting has been inspected, 
ind changes in technique or design 


Fig. 4—Control panel of million-volt X-ray 
machine. Fig. 5—View of dark room show- 
ing developing units and dryers. Fig. 6— 
Assembling the X-ray film. Fig. 7—Four- 
panel illuminator for simultaneous viewing. 


to eliminate defects in unsatisfac- 
tory areas may be made. 

A splendid example of this X-ray 
procedure may be illustrated in 
the development of one casting 
The specification on this casting 
called for radiography. One casting 
was poured for a sample and X-ray 
proved the casting to be unsatisfac- 
tory and that a number of changes 
would be necessary. Then changes 
were made by members of the Man- 
agement and Planning Committee. 

In re-sampling the pattern, four 
castings were poured, each having 
a different gate and riser. Each 
casting was completely X-rayed. The 
films were compared, area for area, 
to determine the best method. After 
selecting what was thought to be the 
best combination of practices or 
techniques, two more castings were 


poured. These two castings were 
found to be greatly improved. Pro- 
duction was started and the first 
casting was X-rayed and found to 
be satisfactory. 

Beginning with Fig. 8, some sam- 
ple castings are shown which have 
been improved due to the X-ray 
studies made. 

Figure 8 shows an area of a sam- 
ple casting with clear indications of 
a dirt and gas condition which had 
to be corrected. 

Through the efforts of the com- 
mittee a suggestion was made to 
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move the riser to a new position 
and as a result a sound casting was 
produced (Fig. 9 

An example of serious shrinkag 
and dirt present in a machined area 
is shown in Fig. 10 

Figure 11 shows the same ma 
chined area in a later casting after 
a riser had been added. This cast 
ing was X-rayed after a riser had 
been burned off, and the majority of 
defects present are on the surface 

Considerable shrinkage can be 
seen in the 2 in. X-rayed section 
shown in Fig. 12 


The same area in Fig. 13 reveals 
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no shrinkage due to the following 
changes: At both ends, where the 
serious shrinkage had been present, 
the metal was reduced to 1% in. 
due to a drawing revision. Then 
by .adding a riser in the center of 
the two shrink voids it was possible 
to eliminate the shrinkage. 

A severe shrinkage condition can 
be seen in Fig. 14. This defect was 
found in a 3-in. section around a 
lifting lug. 

After a feeder, running from the 
riser, had been added, a sound cast- 
ing was produced (Fig. 15). The 
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marred sections are surface burns 
showing where the feeder was 
burned off 

In all of the above cases the com- 
mittee played a prominent part in 
remedying the defects found in the 
sample castings. Cooperation be- 
tween all members means much in 
the saving of time, labor and money. 

After the practice was developed, 
a spot check was made on every 25 
castings. In this spot check, two 
areas were found to have developed 
serious trouble. Therefore, some 
minor changes were made and the 
castings checked by X-ray to deter- 
mine if satisfactory. Since that time 
approximately every 25th casting 
has been checked and only a few 
minor changes have been necessary. 

In the development procedure 
just described, castings are sometimes 
sectioned as a supplement to X-ray. 
In normal X-ray technique only two 
dimensions are shown. Sectioning 
will give the third dimension and 
the average foundryman will obtain 
a clearer conception of the defect. 





Fig. 8—Defects seen in a casting through 
the use of X-ray. , Fig. 9—Improved area 
following repositioning of riser. Fig. 10— 
Serious shrinkage and dirt in a machined 
area. Fig. !i—The same machined area 
after a riser had been removed. (Reduced 
one-fourth for reproduction.) 


Sectioning also may reveal the rea- 
son for the defect, whereas, in some 
cases, X-ray would not. It should 
be stressed, however, that sectioning 
is used only as an occasional sup- 
plement to X-ray in this plant 
X-ray, as compared to sectioning, is 
considered to be far superior in that 
it is faster and is non-destructive. 


On one occasion, shrinkage was 
found to be present in a 1¥-in 
section immediately below a heavier 
section of approximately 3% in 
X-ray showed this defect present in 
all current castings. The shrinkag« 
is indicated by arrows in Fig. 16 
External chills were used in an at- 
tempt at correction. 

Checking this practice with X-ray 
disclosed the fact that the shrinkag: 
had not been eliminated but had 
moved into the heavier  sectio: 
below (Fig. 17). Chills were the: 
added in the heavy section below 
in an endeavor to secure equal rat 
of cooling and equal solidificatior 
This method of chilling did elim: 
nate the shrinkage (Fig. 18). 

In Fig. 19 shrinkage is indicate 








Fig. 12—A 2-in. section with considerable 

shrinkage. Fig. 13—The same area follow- 

ing a change in design. Fig. !4—Severe 

shrinkage in a 3-in. section around a lifting 

lug. Fig. 15—The addition of a feeder 

produced a sound casting. (Reduced one- 
fourth for reproduction.) 


in a thin and thick adjacent area 
where holes are to be drilled in the 
two slots immediately above the 
heavy section. 

External chills were used on the 
radius of the heavy and thin sec- 
tion, as shown in Fig. 20, but the 
chills did not remedy the situation 
and shrinkage is still present. 

In the second attempt “bed-in” 
chills were added in the slots above 
the heavy section. The chills in the 
thin section below were omitted and 
a cracking strip was added in the 
radius. The shrinkage was not 
eliminated but moved down into a 
machined flange (Fig. 21). 

The use of “bed-in” chills and a 
cracking strip (one chill left in slot) 
and an added external chill in the 
radius along the machined flange 
finally cleared up the area, as shown 
in Fig. 22. 

In the foregoing instances, the 
X-ray made a thorough picture, not 
merely of the shrinkage but of the 
surrounding area as well. The first 


attempts at chilling were ineffectua 
as the X-ray disclosed Instead of 
eliminating the condition, chilling 
had moved the shrinkage down 
into the heavy sections. The pi 
tures showed the need of chills 
in the heavy sections. This was fol 
lowed out and additional X-rays dis 
closed that the trouble had been 
eliminated 

In comparison to sectioning, this 
method was faster by days. It was 
more thorough in that a perfect pix 
ture was obtained, not only of the 
defect but also of the surrounding 
area, which proved helpful in that 
the first attempts at chilling had 
not been misleading. 

Shrinkage had not been eliminat 
ed, but moved to another area. The 
X-ray not only pointed out the 
error but showed the proper places 
to chill. Then, too, X-ray was 
cheaper in that all castings wer 
saved, whereas they would have 
been destroyed in sectioning 

X-ray pictures, because of their 
thoroughness, are very impression 
able. Pictures which show so clearly 


the actual results of our own efforts 
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Fig. 16—X-ray reveals the presence of 
shrinkage in a light section of a casting. 
Fig. 17—Externa! chills used drives shrink- 
age, shown in Fig. 16, from beneath heavy 
section into the heavier section below. Fig. 
18—Chills added in the heavy section below, 
tending to equalize solidification rates, pro- 
duce a shrink-free casting. (Fig. 16 reduced 
one-fourth, Figs. 17 and 18 reduced one- 
fifth for reproduction.) 





are not easily forgotten. On the 


contrary, they are most readily cata- 
logued and filed in our minds for 
future reference. For instance, sev- 
eral months after the chilling epi- 
sode of the thin and thick sections 
of the previously mentioned castings, 
a new pattern was received. One 


side wall was approximately 1¥ in. 
thick, with eight bosses of 2-in. di- 
ameter and approximately 3-in. 








thickness. 

X-ray disclosed shrinkage above 
all the bosses (Fig. 23). The foundry 
superintendent viewed the film. Im- 
mediately to mind came the pictures 
of previous chilling experiments. 
The bosses were bleeding metal from 
the thin sections, and external chills 
were placed on the bosses. X-ray 
proved that the chills eliminated the 
shrinkage (Fig. 24). 

Through the X-ray a tremendous 
amount of work on riser practice 
has been possible. The placing of 
a complete picture of the interior 
of a casting before the Planning 
Committee is a direct challenge. 
Either the casting has shrinkage and 
needs additional risers, or some cer- 
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Fig. 19—Shrinkage in a thin and thick ad- 
jacent area. Fig. 20—Use of external chills 
on the radius fails to clear up the condi- 
tion. (Reduced slightly for reproduction.) 


tain riser or risers should be in- 
creased in size. Possibly, the casting 
is solid throughout and risers may 
be reduced and even eliminated. 
The speed with which results 
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have been obtained through the 
X-ray has made possible the great 
number of experiments which have 
been run. Only a sinall fraction of 
these experiments would have been 
attempted had it not been for the 
X-ray. Through the use of the 
X-ray, risers have added, relocated, 
reduced and even eliminated on 
many patterns, which in turn has 


made it possible to produce better 
castings at lower cost. 

Some risers are now being X-rayed 
instead of sectioned, and the results 


are promising. Risers of up to 7-in. 


diameter have been X-rayed and 
good pictures secured. It takes ap- 
proximately 45 min. to X-ray a riser 
7 in. in diameter. 


Risers have been X-rayed, then 
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Fig. 21—Another attempt to remedy the shrinkage, shown in Fig. 19, has been made but despite the use of chills and cracking strip the 
defect can be seen in the machined flange. Fig. 22—Defect eliminated through revised method of employing chills and cracking strip 





Fig. 23—The presence of shrinkage is de- 
tected by X-ray in a section containing two 
bosses. Fig. 24.—Defect was remedied by 
placing external chills on the bosses. (Re- 
duced one-third for reproduction.) 


sectioned, and the same interpreta- 
tions of the action of the riser ob- 
tained. Sufficient work has not been 
done to elaborate further, but it is 
believed to be a promising proce- 
dure. It is hoped that the results 
obtained in sectioning may be ob- 
tained in less time and at a lesser 
cost by the use of X-ray. A typical 
example of the feeding action of a 
riser is shown in Fig. 25. 

The X-ray has stressed the im- 
portance of cores and molds in 
regard to dirt and gas. Through the 
X-ray, the necessity of having prop- 
erly baked cores as well as properly 
dried molds was learned. A casting 


weighing approximately 600 Ib. and 


having a ring design with five blind 
risers and two open risers was 
poured. Its design did not lend 
itself to good ventilation and conse- 
quently gas troubles were encoun- 
tered (Fig. 26). 

More vents were taken off the mold 
and the results were not too encour- 
izing. The blows seemed to have 
been dispersed but not eliminated 
Fig. 27). By further investigation 
onsiderable variation in the baking 
f cores was found. Experiments 


Fig. 25—Feeding action of a 6-in. riser as 
disclosed by X-ray. (Reduced one-fifth for 
reproduction.) 
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Fig. 26—Arrows in this X-ray are pointing out defects caused by gas in a ring design 
casting. Fig. 27—Better venting caused little change in the area as defects were only 
dispersed. Fig. 28—Elimination of gas in the casting was attributed to reduction of gas 
from the cores by thoroughly baking the cores. (Reduced one-third for reproduction.) 
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were made with more thorough bak 
ing of the cores, which reduced th: 
gas content of the sand in the core 
from approximately 35 cu. cm. of 
gas for a 3-gram sample to less thar 
20 cu. cm. for a 3-gram sample. The 
reduction of gas in the cores resulted 
in eliminating the gas condition in 
the casting (Fig. 28). 

The speed of this test and the fact 
that the castings were not destroyed 
made it possible to improve the 
quality of the castings without in 
creasing the cost, a factor that is 
always interesting to management 

The second important use of the 
X-ray at this plant is in routine in- 
spection. Once the proper techniqu: 
and practice is developed, the job is 
still not finished due to the many 
variables which occur in_ the 
foundry. 

We are all familiar with th 
variation that occurs from cast 
ing to casting. These variations ar 
due, in some cases, to factors beyond 
our control, or due to the human 
element as well as slight changes in 
practices, materials, and actual mis- 
takes. By spot checking the castings 
with X-ray, many of these slight 
variables are caught before the 
practice becomes serious enough 
to affect the quality of the casting 
In non-destructive tests, such as the 
X-ray, both the foundry and _ the 
customer are given assurance that 
the practices are under control. 


Development and Inspection 
It is interesting to compare thi 
present practices of development 
and inspection of castings with 
former practices. On a recent rush 
job, the casting was poured, heads 
and gates burned off, some rough 
chipping done and the casting 
X-rayed in an elapsed time of 3 hr 
50 min. The X-ray findings being 
satisfactory, the 450-lb. casting was 
put into immediate production. 
Compare this with previous pro 
cedures. For much of the work 
the casting was given a_ visua 
inspection and then a physical test 
followed with sectioning the high) 
stressed areas, or wherever defect 
appeared in the casting from th 
physical test. This procedure tool 
several days at least, and sometime: 
as high as 10 days, before sufficient 
information was obtained to show 
whether the pattern should be re 
sampled or whether it could be pu 
into production. If the job calle 













for re-sample, the entire process had 
to be repeated, resulting in further 
delay. 

If it is believed that there is some 
chance that the casting will be satis- 
factory, it is the present practice to 
pour two samples in order to speed 
the process. One of these samples is 
for the inspection department and 
the other for the X-ray department. 
The X-ray casting is burned, rough 
chipped, blasted, and then X-rayed. 

Immediately after inspection of 
films the foundry has a complete 
picture of the condition, not only of 
the highly stressed areas but of the 
entire casting, and is ready to make 
the necessary changes in technique. 
This is generally accomplished in 
something like 48 hours after the 
casting is poured. The other cast- 
ing, meanwhile, has been going 
through the regular procedure, being 
checked dimensionally by the inspec- 
tion department. 

Another noteworthy use of the 
X-ray in steel castings is the educa- 
tional feature, the actual educating 
of the workmen themselves. In order 
to do this, meetings of the molders, 
finishers and coremakers are held. 
in these meetings are displayed 


29 


30 





Fig. 29—An X-ray photograph revealing unacceptable shrinkage in a three inch section. 
Fig. 30—Same section after shrinkage had been burned out and welded satisfactorily. 
(Reduced one-third for reproduction.) 


X-rays showing areas of castings 
that are defective and the same 
areas after changes have been 
made correcting the defects. One 
would be surprised at the interest 
of each man. The enthusiasm shown 
by these men in seeing the actual 
results of their work pays dividends. 
Here are some comments made by a 
finisher at one of the meetings: 
“Now I can understand why my 
foreman insisted on those chill coils 
being placed exactly within a certain 
6-in. area along that rail. I was 
angry because I thought that he 
was showing his authority. Now 
I see more of the why and where- 
fore. To get better results the com- 
pany should show us more X-rays.” 


Employee Interest 


Numerous comments of this type 
have been made. Their interests 
have been aroused and suggestions 
have been made freely by them, a 
number of which have been useful. 
Displaying X-rays to these men 
tends to create a better spirit be- 


tween workmen and management 
It is an immediate aid in the pro- 
duction of better castings. 

X-ray pictures have been shown 
to the welders to illustrate the type 
of welds being made by them. It is 
felt that this has been of consider- 
able help (from a quality view- 
point) in that it has assisted the 
men in improving the quality of 
their work. 

X-ray has been an 
asset in the inspection of welded 


invaluable 


sections that are to have an ex- 
pensive machined finish. It also is 
interesting to note that defective 
castings may be saved by burning 
out the defective material and re- 
pairing them by welding, using the 
X-ray to show whether or not the 
welds are acceptable. (See Figs. 29 
and 30.) 

X-ray also has played its part in 
proving to casting buyers that it is 
possible to make welds in steel cast- 
ings, when necessary, that do not 
impair the stability of the product 

Experience has shown that cast- 
































158 
NECA 
FOREMAN | 
| ass'T Geneaca ] ass Nea 
ee romEman a — 
wer | POTOGRAPHER DARK ROOM 
£a% 5 ea sEO28 
| OPERATOR [ OPeearoa [ opeaaror WERATOR 
i; @ T *2 UNIT e mt = mT 
EE — 4 
aan f 2 | 2ew agen atw 
2 ue. Peas 200m WEL PERS 2 we. PERS a@oom we. Pee 
een PERATOR C.ERK Leen OPegaton £@K 
Oay NIGHT 
Suirt SuiFT 











Fig. 31—A typical X-ray department organization chart. 


ings need not be entirely fzee of 
defects to be serviceable. We have 
learned through fatigue, static, im- 
pact, and ballistic tests that certain 
defects inherent in castings are per- 
missible in certain sections. 

They do not impair the quality 
or performance of the casting in 
service. In order to use X-ray intel- 
ligently, each casting must be ana- 
lyzed before being put into produc- 
tion to determine the most critical 
sections and those which will be sub- 
ject to the highest stresses. These 
sections will then be required to pass 


Photo of a well organized X-Ray laboratory darkroom. 


higher standards of X-ray inspec- 
tion. The Army and Navy, being 
cognizant of this fact, have set up 
different standards for certain areas 
in the same casting, and these stand- 
ards may be used as a guide to in- 
dustry. After all, the criterion of a 
good casting is performance. 

In conclusion it should be men- 
tioned that to get the most out of 
X-ray without undue expenditures, 
capable technicians must be em- 
ployed, having the knowledge to en- 
able them to X-ray a casting quickly 
and to bring out the defects present 
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therein. Hand in hand with thi 
talent goes proper interpretation « 
films so that the production mer 
who are responsible for the pra 
tices and techniques are not misin 
formed and make the wrong mov 
in the plant. A typical organizatior 
chart of an X-ray department 
shown in Fig. 31. 

At times it is advisable to con 
bine the use of X-ray with section 
ing, as mentioned before. The us 
of magnetic testing, physical testing 
and of course, visual inspection 
should not be overlooked. 

Experience and knowledge of the 
use to which the casting is to be put 
enables a qualified person to know 
when a defect, as shown in th: 
X-ray, is serious and when it is not 
Thus the inspector knows whether 
the defect should be examined fur- 
ther by one of these other means of 
testing or whether the casting is 
satisfactory as it now stands. 


Without a doubt X-ray is a tre- 
mendous asset to the foundryman 
in his aim of always improving 
his product. Also, if used properly 
it may be the means of considerable 
savings through the elimination of 
unsatisfactory castings, quicker in- 
spection and, consequently, less time 
lost in getting a job into production 





(Photo courtesy American Steel Foundries, Granite City, Illinois 











* The relation of amount of metal frozen to time cannot be satisfac- 
torily explained if the conductivity of molding sand is taken as 
independent of temperature. It is shown that a better correlation 
can be obtained if the heat transfer within the sand is assumed to 
be in part by conduction and in part by radiation. 


The Influence of Radiation Within Molding Sand 
on the FREEZING RATE of Metal 


By H. A. Schwartz, Manager of Research, 
National Malleable & Steel Castings Co., Cleveland. 


however, that if they are so consis- 
tent this is not proof that they 
are the cause of the observed effects 
but only that they may be the cause. 
Perhaps other causes could explain 
the effects, also. Radiation is prob- 
ably a sufficient explanation of what 
happens, but not a necessary expla- 
nation. 

We desire to find what is the form 
of the curve correlating the amount 
of heat absorbed as a function of 
time by a semi-infinite body of sand 
whose surface is suddenly heated by 
1400° C. (2520° F.) above an initial 
uniform temperature of 27° C. (80 
F.=300° K.) if the properties of the 
sand are as follows: 

The apparent density (p) of the 
sand as packed is 1.65 gm./cm.*, and 
the apparent specific heat (C) is 
0.45 cal./gm., beth independent of 
temperature. The sand consists of 


that there is good agreement 

among reliable workers that for 
some time during the freezing proc- 
ess the thickness of the frozen layer 
of steel increases as the square root 
of the time, but later increases in 
proportion to the time. That is to 
say, the time-thickness curve is first 
a parabola and then a straight line 
tangent thereto. 


|: HAS been shown by the writer' 


This type of curve is qualitatively 
alike for many shapes and sizes of 
castings and always represents a rate 
of freezing faster than can be calcu- 
lated from the usually accepted 
thermal conductivity of sand. Nor 
can the form of the curve, represent- 
ing an acceleration of the freezing 
mechanism, be explained by any 
plausible assumptions. 





To throw some light on this sub- 
ject, the author here offers an ad- 


, : 2 uniform spheres one mm. in diam- 
mittedly inaccurate solution of a SECTION AnA 
problem not realized in the foundry Fig. |—Above—Close packed arrangement of spheres. Fig. 2—Below—Apparent thermal 
under hypothetical conditions rest- conductivity of sand as a function of absolute temperature. 


ing on no direct evidence. He can 
only justify such rashness by saying 
that the mathematicians seem un- 
able to furnish an accurate solution. 
The problem is one which is closely 
approached during the early stages 
of freezing of flat-sided objects, and 
apparently the conditions are main- 
tained for a considerable time in 
even moderate-sized castings. The 
problem is, therefore, reasonably 
simple of attack and a reasonable 
approach to reality. 
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It is the purpose of the paper to 
determine whether the hypothetical 
conditions are reasonably consistent 
with the known facts. Be it noted, 
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eter “close packed” in layers at right 
angles to the direction of heat flow. 
The apparent conductivity (k) at 
300° K. is 0.0037 cal. cm.-" sec.-? °C.-? 
and the sand grains radiate as “black 
bodies,” the highest radiation which 
can exist. The latter condition is 
chosen to evaluate the maximum ef- 
fect. 

The postulated arrangement of 
sand grains is shown in Fig. 1, the 
flow of heat being taken as _ hori- 
zontal. If R be the radius of the 
spherical grains, it is a matter of 
simple geometry to find that the dis- 
tance (D) between centers of suc- 
cessive layers is 

D=1.632 R, 
and the area (a) of sand grains sur- 
face, facing toward the next layer 
per unit area at right angles to the 
direction of heat flow, is 
a=3.63. 

If 6, and @, are then the absolute 
temperatures of two adjacent layers 
of sand, the heat transferred by radi- 
ation alone is 

ao (0,4 ~ 6,*), 
where @ is the radiation constant and 
equal to 

5.7 X 10° erg cm.? sec.? °C.-*, 

Converting from ergs to calories 








8 (K°) 


and substituting for a its value, the 
heat (cal.) radiated per sec. per sq. 
cm. of area at right angles to the 
direction of heat transfers becomes: 
ao (0;4—6,4)= 
49.368 (0,4—06.)*X10-". 

If ko be the true conductivity of 
the material assumed independent of 
temperature, then the total heat 
transferred in one sec. per unit area 
of cross section 


(@:—62) Ko 4 
D 


49.368 (6,4 _— 0.) * x 10, 
and the apparent conductivity is this 


amount divided by the thermal 
gradient 
6, baa 0, 6, ari 6. 
D 1.632R 
Remembering that (@,*—6,*) = 


(0:—02) (0:+62) (0,7 + 4.7) and 
making the reasonably accurate sim- 
plifying assumption that 6, = 6. = @, 
and setting for D its value in terms 
of R, we find that the apparent con- 
ductivity (k) is 

K=K,+324 R #X10". 

The conductivity is thus a func- 
tion of the sand’s grain size. For 
grains having a diameter of one 
mm., and assuming that at 300° K. 
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Fig. 3—Left— Chart for determining the 
mean thermal conductivity of sand. 


Fig. 4— Below —Temperature within the 
semi-infinite sand body as a function of 
time and distance. 


CM 


the conductivity is 0.0037, we may 
write approximately 
K=0,.0037+16 6°X10-%. 

The values of K as a function of 
absolute temperature (6) are plotted 
in Fig. 2. In Fig. 3 the area under 
the curve of Fig. 2 is plotted against 
#. The difference between the ordi- 
nates of this curve at two temper- 
atures, 6, and 6, when divided by 
6, — 6, gives the mean value of K in 
that temperature range. 

The general differentia! equation 
for the (linear) flow of heat is: 


where ¢ is time (sec.) and x is dis- 
tance (cm.). 

The solution of this equation for 
the boundary conditions enumerated 
in the statement of the problems 
would be simple if h* were constant, 


but h?= — by definition and, there- 


fore, varies with the temperature. 


The solution of 
80 e 0.0037+16 6°xX10°% 876 


dt 0.7425 ° 8x? 
has been impossible for the writer, 
and also for those consulted who 
were more skilled in mathematics. 

We, therefore, turn to the graphi- 
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al Schmidt method as the only re- 
ourse. The method has been briefly 
described by the author in the 1945 
Foundation Lecture. For a detailed 
description consult Sherwood and 
Reed’. 

The Schmidt method assumes that 
if time and distance are divided into 
increments At and Ax such that 

, At 

(Ax)* 
then at a given time a given point 
will have a temperature equal to the 
average temperature of the two 
points Ax on each side of it (in the 
direction of heat flow) taken At pre- 
viously. The Schmidt solution is a 
graphic method of plotting, as a 
function of temperatures at a series 
of times differing by Ax. 





ale / 
: y 2 


™ K “ : 
Since h, = —, this is equivalent 
- 


to saying for sand (p=1.65 C 
0.45) that 
Ax = 1.842 VK vt. 


The time increment is subject to 
arbitrary choice; 10 sec. was selected 
for the solution. The conductivity 
K depends on the temperature and 
can be approximated rather closely 
from the conditions At earlier. It is 
thus possible to calculate the value 
of Ax, appropriate to any time and 
position. For convenience, the sand, 
the temperature of which is really a 
continuous function of x, is assumed 
to consist of layers 0.5 cm. thick; the 










k=Q0070 
K=0.0037 
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of time. 


K=Q0037 +t l6@? X10 






Fig. 5—Rate of heat input into a semi-infinite sand body as a function 


temperature of each layer being con- 
sidered uniform. 

The actual graphic solution is too 
voluminous to be repeated here, but 
the temperatures at a series of times 
are plotted against distance below 
the sand surface in Fig. 4. For con- 
venience, the temperatures 
been converted from the Kelvin to 
the Centigrade scale. 

The rate of heat input, per unit 


have 


area, 
dH dH K dé 
dt dt dx’ 
where K is the conductivity at the 
surface which, by assumption, is at 
1700° K. or 1427° C. K, therefore, 
is constant, with time, and from Fig. 
Ab. ) 
y ty the slope 
of the lines of Fig. 4 at x=, and, of 
course, varies with the time. 


2 is equal to 0.0116. 


Lines Graphically Determined 

The lines of the figures are not 
reproduced with sufficient accuracy 
to permit of reading their slopes, but 
these have been graphically de- 
termined from the originals and 
plotted as points in Fig. 5. The evi- 
dent scatter is in part due to the in- 
herent difficulties of graphic estima- 
tion of the slope of a curving line. 
A line has been drawn by inspection 
to show the trend of 

dH 


dt 


as a function of ¢t. A line has also 
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been drawn showing this relation for 
the room temperature conductivity 
Evidently there is a 
discrepancy. 


of sand. great 


Most notably the present assump- 
tions lead to a locus which seems to 
reach a constant value of 


dH 

dt : 
while the assumption of a constant 
conductivity results in a curve which 
continues to descend, at a decreasing 
rate, to zero. We can not, of course, 
be too sure what the observed trend 
line would do if indefinitely pro- 


longed. 


The line marked K =0.0070 is the 
best fit for our complex locus, as- 
suming a constant “apparent” con- 
ductivity, and does not fit the obser- 
vations at all. We can not, there- 
fore, approximate the effect of 
changing conductivity by the use of 
some average value. Quite empiri- 
cally the locus put in by inspection 
conforms with no important discrep- 


“ 


ancies to 

dy _ As 

dt ~~ \/xt 
f 4H 
(for ,° 
94.2 

The term — = represents the cal- 

V wt 


+ 0.000036 (60 — t)® 


»>6.0). 


C 
culated value of - 


a if K=0.0061. 


The right half of the equation could 
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Fig. 6—Heat absorbed by semi-infinite sand body as a func- 


tion of time. 
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be recast as a multiple of 
from the value of that multiple and 
the known p and ¢, the “apparent” 
value of K as a function of ¢ de- 
rived, but this would yield no infor- 
mation not contained in the above 
empirical equation, for the “appar- 
ent” value of K would only be an- 
other empirical means of expressing 
the same thing. 
Computation of Heat Absorbed as 
Function of Time 
Evidently the heat absorbed in 
time ¢ by the sand will be 


' F942 
H f [ — + 0.000036 (60 t) ]« 
Vr 


106.41'°%— 9% (60—1)4X 10°° + 125.6 
dH 


»srovided >o6. 
dt 


Thereafter od 


dt 
One refrains from solving the ex- 
ae See 
pression for i for t if a 
be 6 as a laborious piece of pedantry 
and lets the graphic solution suffice. 
In Fig. 6, H is plotted in terms of 


6 and AH=6At. 


t as derived from the foregoing 
equations. 

For comparisons the values of H 
corresponding to the conventional 
value 0.0037 for K are plotted as a 
dotted line. The dots of Fig. 6 fall 
on a parabola (t = 0.000057H? ap- 
proximately) and the circles are a 
straight line. Note first that the 
curve computed from K= 0.0037 + 
16 6°X10-** passes through a com- 
bination of the dots and circles with- 
in the errors of the method, and that 
the heat absorbed in a given time 
with the variable K is, except at the 
origin, considerably greater than that 
for the constant room temperature 
K. Both of these observations quali- 
tutively confirm the observations on 
bled castings. The parabola corre- 
sponds to a constant value of K 
0.0098. 

It seems that our calculations 
probably predict somewhat faster 
freezing than is usually experienced, 
and also place the point of tangency 
of parabola and line at too early a 
time. Both of these discrepancies 
could arise from overemphasis on the 
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contribution made by radiation. Pur 
posely, the highest reasonable contri 
bution was chosen, and very like] 
the sand grain size and/or the emis 
sivity were overestimated. 


Conclusions 

It seems that the published data 
on rate of freezing of castings agre: 
better with the assumption that the 
conductivity of sand varies with its 
temperature than with any constant 
conductivity. 

They agree, in form, with the type 
of relation of conductivity which 
would result if the relation of appar- 
ent conductivity and temperature is 
that which would result if radiation 
within the sand body determined this 
relation. 

The transfer of heat by radiation 
is probably quantitatively somewhat 
less than that assumed in this paper. 
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“PHOTO POSITION FINDING” 


47 Time Saving, Money Saving Method of Communication 


By A. C. Kalk, Continental Motors Corp., Muskegon, Mich. 





* A method for accurate de- 
scription and transmission of 
casting discrepancy information 
has been developed by the 
author and is described in the 
paper. Working photographs 
illustrate the method. 





N THE past 25 years, foundry 

methods for fabricating castings 
have been improved considerably 
through science and the use of 
laboratories, to the extent that today 
foundries are able to produce qual- 
ity castings by means of mechanical 
devices and, in some cases, without 
the experience of an old-time 
molder. 

There is one problem with which 
all foundries have been confronted. 
In the author’s mind, it is the most 
important of all—namely, close con- 
tact between a foundry and its cus- 
tomer on production problems. Any 
solution of the problem involves the 
finding of a method of communica- 
tion between the purchaser and the 
producer of castings whereby the 
producer may be informed imme- 
diately and intelligibly regarding 
foundry discrepancies or imperfect 
castings. 

By such a means of communica- 
tion, the producer should be thor- 
oughly informed, by letter, wire, or 
telephone, of any discrepancy that 
may occur on castings at the ma- 
chine shop, when the difficulty re- 
sults in the castings being rejectable 
to the producing foundry, so that 
the discrepancy can be corrected 
quickly before more imperfect cast- 
ings are made. 

The author has spent several years 
in the foundry business, and is well 








Fig. |—Cylinder block casting. 


aware of the fact that there is no 
profit in rejected castings. 

Prior to the outbreak of the war, 
users of castings made it a practice 
to purchase castings from foundries 
nearest to them, whenever possible. 
Today it has been necessary to pro- 
cure castings sometimes at a dis- 
tance of several hundred miles. 

This presents the importance of 
notifying foundries as soon as pos- 
sible regarding casting troubles, so 
as to eliminate the loss of several 
thousand parts that might be in 
transit and castings awaiting ship- 
ment at foundry to purchaser. 


Informing the Foundry 


An Example—Let us take an ex- 
ample of this condition. Purchaser A 
is procuring castings from Foundry 
B that is located 800 miles away. 
Purchaser A has an inventory of 
1000 pieces. Foundry B has three 
shipments in transit which amount 
to a total of 1500 pieces. Foundry 
B has 100 castings awaiting ship- 
ment. Foundry B has a capacity of 
casting 500 pieces per day. 

Assume that Purchaser A finds 
several castings that are rejectable 
from his inventory of 1000 pieces, 
due to imperfect castings furnished 
by Foundry B. It would be very 
costly to Foundry B if production 
were not stopped and necessary cor- 


rections made to overcome the diffi- 
culty immediately 

On the other hand, Purchaser A 
would suffer if production was 
stopped by Foundry B, because the 
assembly line using these castings 
could not continue to operate if 
castings were not forthcoming daily 
to Purchaser A. 

There are a number of ways by 
which a foundry can be informed of 
difficulties encountered by the pur- 
chaser. Purchaser A could explain 
to Foundry B by telephone, tele- 
graph, letter, marked drawing, re- 
turning casting, or by sending a rep- 
resentative to the foundry 

With the exception of the latter, 
the other means of communication 
could be misunderstood, and serious 
complications could enter the prob- 
lem which might result in the rejec- 
tions to Foundry B being of such a 
large percentage that any profit 
made in the past on the particular 
casting would be lost. 

This probably would cause 
Foundry B to withdraw the pattern 
from production and perhaps return 
it to Purchaser A. If this were done, 
Purchaser A would likewise suffer, 
due to curtailment of production on 
a unit using the casting and to the 
time involved in finding a satisfac- 
tory new casting source. 

If a representative were sent to 
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Foundry B to explain the discrep- 
ancy thoroughly by personal con- 
tact, time would be lost in his 
traveling, for it may take several 
days for him to reach his destina- 
tion. 

As controller of quality of all cast- 
ings used by the Continental Motors 
Automotive Plant, Muskegon, Mich., 
the author is well acquainted with 
numerous examples of controversies 
between casting buyers and produc- 
ing foundries. We, at the author’s 
company, for a number of years 
have tried our best to advise found- 
ries furnishing castings to us regard- 
ing the nature of a particular cast- 
ing discrepancy as soon as it would 
present itself, by various methods. 

Through years of experience we 


found no one method of communi- 
cation was thorough enough for the 
foundry, in each and every instance, 
to thoroughly understand the nature 
of a given discrepancy. Thus, it was 
necessary for us to devise a system 
whereby the foundry could be in- 
formed of the exact position or loca- 
tion of trouble occurring in castings. 

This, of course, can be done by 
marking blue prints, making 
sketches, or actually taking photo- 
graphs of a defective part. How- 
ever, this material must be presented 
in some way to the foundry, and 
time is involved. 

It is no disgrace for a person not 
to be able to read a blueprint, and 
yet, without photographing or mak- 
ing a sketch of the part, there is no 


other means of pointing out, me- 
chanically on paper, the exact posi- 


tion or location of a casting trouble 


We have also noted, through past 
experience, that some foundries criti- 
cize the inspection department of 
a company which buys castings from 
them. Foundrymen will say, “We 
had no knowledge that this point 
was a point of location or that th: 


intake area of that manifold had t 
be free of fins and dirt.” 

This misunderstanding is costly 
and by no means conducive to 
happy relation between the partic 
involved. To remedy this situatior 
we have conceived an idea tha 
covers all inspection requirement 
on castings in such a manner th: 
there is no reason for foundries t 
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Fig. 2—Complete series of photographs on this and opposite page showing all views of cylinder block 
with inspection requirements noted on each view together with important points of inspection. 

















be without necessary knowledge of 
what is required for the production 
of a particular casting. 


In conjunction with this idea, we 
are able to pass on information to 
foundries, 


accurately and _ under- 


standingly, and to point out to any 
layman the exact location of a dis- 
crepancy. We term this method 
“Photo Position Finding.” 

We feel so much confidence in 
“photo position finding” that we 


believe it will be accepted by found- 
ries and buyers of castings, because 
of its universal understandability. 

To thoroughly explain “photo 
position finding” procedure, we will 
use a cast iron cylinder block, as 
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shown in Fig. 1, as an example. It 
is a complicated casting and one 
which might be classed as difficult 
to produce, especially by a foundry 
without wide experience with that 
type of casting. The first step is to 
photograph the casting from top, 
bottom and its various sides. 

To thoroughly show all views of 
the cylinder block, we have photo- 
graphed the six sides of this block. 
In addition, we have cut sections of 
jacket and cylinder bore areas, and 
of the intake and exhaust port valve 
openings. These views are shown in 
Fig. 2. 

When the photographs are avail- 
able, the necessary information con- 
cerning inspection requirements for 
the various parts of the casting, as 
shown on a given view, are lettered 
on each of the views. Fig. 3 shows 
a draftsman lettering one view. 

For purposes of locating exactly 
on a casting a given defect or diff- 
culty, we have developed standard 
positioning lines which are affixed at 
the top and left side of the photo- 
graph, as shown in Fig. 2. 

he horizontal line at the top of 
the photograph is the length of the 
image and is numbered 1, 2, etc., 
with half lines between each nu- 
meral. The vertical line to the left 
of the photograph is as long, or 


Fig. 4—Inspector pointing out large blow 

hole on manifold contact of cylinder block 

casting. The defect was not visible on the 
rough castings. 


longer, than the maximum height of 
the image. Bisecting lines are let- 
tered A, B, C, etc., with half lines 
between each letter. 

When all views of ‘casting have 
been photographed, position lines 
affixed and necessary inspection re- 
quirements lettered on them, the 
originals are photographed in groups 
of four. The photographer is in- 
structed to furnish a given number 
of copies of the photographs. 


Photographs are distributed to the 
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Fig. 3—Draftsman lettering necessary 
spection requirements on one view 
the cylinder block casting. 


inspector of the plant purchasin 
casting, to the department hea 
making contact with foundry fur 
nishing casting, and to the found: 
making the casting. 


"Photo Position Finding’ Operation 

This is how “photo position find 
ing” operates. Assume that a blow 
hole, Fig. 4, is found in a sufficient 
number of castings to cause thei! 
rejection to the foundry and to pre 
sent a serious difficulty to the pur- 
chaser. 

Let us designate the purchaser as 
A and the foundry as B. Purchaser 
A’s inspector finds the defect and 
refers to his “photo position finding” 
series of photographs for the cast- 
ing. He then locates the exact posi- 
tion of the defect and reports it to 
the department head, who in turn 
verifies the location, as shown in Fig 
5. Please note that the defect shown 
in Fig. 4 is located at position D-13 
in Fig. 5. 

Following the exact location of 
the defect by both the inspector and 
the department head, the latter re- 
lays the position of the defect and 
its nature to Foundry B, which also 
has a set of “photo position finding” 
photographs of the casting. 

Transmitting the Information 
Telephone, wire or letter may be 
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Fig. 5—Locating exact position of defect shown in Fig. 4 on photo position finding 


sheet before reporting location to the foundry. 


used to transmit the position and 
nature of a defect. The facility 
chosen would depend on the seri- 
ousness of the condition. 

The information transmitted to 
Foundry B should contain the fol- 
lowing items to enable the foundry 
to locate exactly the difficulty in- 
volved on its “position” photo- 
graphs: 

1. Part number or casting sym- 
bol number. 


2. Sheet number showing par- 
ticular “position” photograph to be 
discussed. 


3. Defect position (D-13, Fig. 5). 


This information can be trans- 
mitted very easily to foundries by 
code by any of the facilities men- 
tioned previously. 

Foundry Receives Information- 
Foundry B, upon receipt of the in- 
formation, locates the position of the 
difficulty on the proper photograph 
and relays this message to foundry 
department which this discrepancy 
may concern. Steps then can be 
taken to correct the foundry prac- 
tice to eliminate the defect with 
minimum loss of production. 


The method outlined above ‘has 
been used by the company with 
which the author is affiliated with 
great success to save time and money 





Position as noted is D-13. 


on both its own part and that of 
producers from which it purchases 
castings. One of its outstanding ad- 
vantages is that the method pro- 
motes good relations between buyer 
and seller—an important considera- 
tion in any business. 


Advantages of Method 


Photo position finding has a num- 
ber of advantages in addition to 
those of exactly locating an error in 
a casting in a thoroughly under- 
standable manner without mailing a 
drawing, submitting a casting or 
sending a representative to the pro- 
ducing foundry. These are: 


1. The foundry or manufacture 
of any particular item is acquainted, 
at all times, with the inspection re- 
quirements, because each view or 
photograph has its inspection re- 
quirement clearly printed on it and 
particular points are legibly marked. 
This eliminates controversies be- 
tween the producer and purchaser 
of any commodity. 

If the part purchased is sound and 
free of internal discrepancies and 
the producer abides by the inspec- 
tion requirements on photo, there 
should not be any reason for misun- 
derstanding what the purchaser ex- 
pects as a commercial casting or 
commodity. 
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2. On parts that require chap- 
lets, some foundries are today mak- 
ing notations on the backs of their 
photographs, detailing the position 
where particular size chaplets are to 
be used. The advantage of those 
notes is that when the patterns for 
the parts are put into production, 
errors, such as using chaplets of im- 
proper size or using 
chaplets in wrong locations, will not 


proper size 


occur 


3. Patterns that do not run regu- 
larly in the foundry are easily found 
in the pattern storage by first look- 
ing at photographs to gain knowl- 
what 


edge of casting 


looks like. 


pattern or 


4. Photographs can be used by 
the foundry to refer to requested 
changes in the design of a casting. 
By referring to location of the de- 
sired change on the photograph or 
by placing a sheet of transparent 
paper over photograph and mark- 
ing changes on it, the foundry can 
transmit its desires to the purchaser 
very easily. 


If the latter method is used, in 
addition to marking the corrections, 
the locating lines at top and left of 
the photograph should be marked 
on the transparency. After the part 
number and photograph sheet num- 
ber have been added, the transpar- 
ency can be mailed to the purchaser. 


Upon receipt of transparency, all 
purchaser need do is to use this pho- 
tograph in conjunction with hori- 
zontal and _ perpendicular lines, 
marked on transparent sheet fur- 
nished by foundry, and the exact 
location of change requested by 
foundry can be found on _ photo- 
graph. This is very easily explained 
to the engineering department by 
the purchaser, and lost time is defi- 
nitely eliminated. 


Conclusion 


There are an unlimited number 
of possibilities and uses of “photo 
position finding.” The idea was 
conceived for castings and foundry 
purposes. However, this method of 
communication between two or 
more parties could be used on prac- 
tically any part manufactured where 
close contact between purchaser and 
producer is necessary. 
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DESIGNERS OF EQUIPMENT 
work on theory, modified by prac- 
tical experience. If this procedure 
were followed in pattern planning 
for foundries, better and more prac- 
tical patterns would result. Unfortu- 
nately, the men who build patterns 
seldom have the opportunity to use 
them. They have little opportunity 
of learning to avoid in pattern de- 
sign that which is learned from 
foundry experience. 

The author has accumulated the 
experience of “old timers” who have 
used many thousands of patterns in 
many jobbing foundries and wishes 
to summarize their experiences and 
observations. 

The company with which the 
author was associated normally had a 
changing pattern-flow of over 1000 
patterns per month. Among these 
patterns may be found many types 
and variations, as the castings made 
weigh from a few pounds to 20 
tons or more. Castings are made in 
green sand, dry sand, and loam, so 
the author’s experiences are based 
on a wide variety of pattern require- 
ments for jobbing work. To the ex- 
perience in his present company can 
be added that obtained in many 
other foundries over a period of 
more than 40 years. 

Some general statements can be 
made before beginning a detailed 
analysis of the practical problems in 
pattern design. In the first place, 
when there is consistent trouble with 


a casting, it usually is due to im- 
proper pattern design. This is par- 
ticularly true when the castings have 
poor appearance or inaccuracies. 
Improper pattern design also is 
responsible for certain other casting 
defects. Therefore, it may be said 
that an impractical pattern gives 
poor and costly castings. Conversely, 
a well-made pattern, designed for 
practical foundry procedure, usually 
gives a better casting at lower cost. 
It is the purpose of this discussion 
to point out some of the practical 
problems in foundry operation, re- 
lated to patterns, which have a seri- 





Fig. 1—Photograph (below) shows 
that, if a solid pattern is used, a 
match must be made to give a part- 
ing or the molder must cut a parting. 
If the pattern is split (above), it can 
be molded off a flat molding board 
or mounted permanently with per- 
manent gating. 

















A well-made pattern, designed 

for practical foundry procedure 
enables the foundryman to produce 
a better casting at lower cost. Job- 
bing foundries, handling a variety 
of patterns, find that close coopera- 
tion with the patternmaker will 
solve many production problems, 
preserving the castings’ advantages 
over competitive processes. 


ous effect on both quality and cost 
The considerations will be covered 
in detail and then summarized. 

With a few exceptions, there is no 
justification for ever making a solid 
pattern because it is always better 
to work off a flat or straight mold 
parting. This is true from the stand- 
points of molding economy and ap- 
pearance. To explain the foundry 
advantage of split patterns, let us 
analyze the way in which they can 
be used. 

Reduce Required Molding Skill. 
If a molder has a split pattern, he 
does not need a match (Fig. 1) or 
a false cope from which to work. 
Nor is he required to bed-in the pat- 
tern. He simply lays the drag part 
of the pattern on a flat board, puts 
on the drag part of his flask, rams 
it, rolls it over and proceeds with 
the cope. He has no partings to 
make. Time is saved. Less skill is 
required. This simple principle of 
working off a flat parting should be 
followed even to the extent of using 
a core to keep the joint of the mold 
on a straight line. 

Reduce Mold Patching. If a solid 
pattern is used, it has to be coped- 
off, which may mean patching. With 
the pattern split, this can _ be 
avoided. 

Reduce Molding Cost. If a solid 
pattern is used, the rapping pin and 
draw screws must be used right on 
the face of the pattern. This soon 
roughs the pattern or puts holes in 
it. It then becomes necessary to 
patch all molds after a few have 
been made, thus making it almost 
impossible for a molder to produce 
neat castings. As patching slows up 
molding, costs increase (Fig. 2). 


Facilitate Delivery. Split patterns 
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Fig. 2—A solid pattern after short 

foundry use. Note how face of pat- 

tern has been marred by use of a 
rapping bar. 


make good production possible with 
less skill on the part of the molder. 
Therefore, they expedite deliveries 
and save defects to the customer. In 
every foundry, only certain molders 
have the patience and skill to take 
the necessary care with a mold when 
solid patterns are used. If the 
foundry is busy, this means that pro- 
duction of molds made from solid 
patterns must wait until one of the 
more skilled molders is available. 
[his is not satisfactory, either to the 
foundryman or the buyer. 

Patterns Mounted for Small 
Orders. Split patterns can always be 
mounted on a pattern plate, if the 
quantity of castings required justi- 
fies it. As jobbing foundries more 
and more are adopting production 
foundry methods, this is of utmost 
importance. This adaptation cannot 
be made with a solid pattern. As an 
illustration, in using split patterns, 
this foundry regularly mounts them 
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on pattern plates for quantity re- 
quirements of ten castings, and some- 
times less. This enables production 
to be improved by the molding ma- 
chine method. 

The pattern draw is improved by 
the use of a vibrator, and planned 
permanent gates can be used. This 
eliminates the necessity of the molder 
cutting the gates. All of these points 
benefit both the foundry and the 
buyer. The foundry’s molding and 
cleaning costs are reduced and the 
buyer gets better castings at a lower 
price. Figure 1 (left) shows a split 
gear blank pattern which has been 
mounted on a board. 


Pattern Loose Pieces 


There are occasions when it is 
necessary to use loose pieces on large 
patterns. However, in the main, this 
should be avoided when a core can 
be used between the point involved 
and the mold parting. Some reasons 
for this are: 

a. A loose piece may shift in ram- 
ming, particularly if it becomes very 
loose on the pattern. 

b. When the loose piece is re- 
moved, the mold may be damaged 
in a way that makes patching diffi- 
cult, so that a good casting cannot 
be made. 

c. The use of loose pieces slows 
up production and requires more 
skilled men. Therefore, deliveries are 
slowed up, costs increase, and neat- 
ness and accuracy of the castings are 
jeopardized. 

d. Loose pieces should be plainly 
numbered, if they must be used. This 


applies to the core box as well as to 






































Fig. 3—Diagrammatic illustration of 
how carelessly placed dowel pins 
may cause molding errors and how 
the errors may be avoided. Left— 
Dowels placed almost symmetrically. 
Dotted line shows a part of the pat- 
tern shift that might not be noticed 
if the cope is reversed. Center— 
Dowels are definitely off center. If 
the cope pattern is reversed, the 
molder will notice it at once. Right 
—Two different sized dowels are 
used and it is impossible to reverse 
the cope part of the pattern. 
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pattern loose pieces. Faint marks, so 
often used to designate the location 
for loose pieces, soon disappear after 
a pattern or core box is used a while 
It is then very difficult to tell where 
the parts belong. If there are many 
loose pieces with different combina- 
tions, there should be a log or index 
stamped on the pattern and core 
boxes showing the numbers of the 




















Fig. 4—Sketch showing (a) draw 
straps running down outside of drum 
pattern and hooking under the pat- 
tern, and (b) draw bolts running 
down inside of the drum pattern to 
plates on bottom. In either case, 
note strong bracing inside the pat- 
tern so that it will not distort or 
expand when the pull is applied to 
withdraw pattern from the mold. 


loose pieces and the combinations re- 
quired to make the proper casting. 
This is necessary so that the foundry- 
man really knows when he has the 
right pieces in the proper location. 
It is a simple precaution to reduce 
the scrap castings and avoids deli- 
cate situations with customers re- 
sulting from errors which are costly, 
yet virtually unavoidable, if proper 
patterns are not provided. 


Dowel Pins. The author wonders 
if patternmakers have ever thought 
of the scrap caused by putting the 
same sized dowel pins on each end 
of a pattern and then keeping the 
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Fig. 5—Pattern for a heavy marine cylinder. It is made in sections, arrows 


nd 


indicating four outside sections. Center section not shown. 


pins so near centerlines that, after 
the molder rolls the drag over, he 
cannot tell how to put on the cope 
part of the pattern. 

Dowel pins should be off center 
sufficiently to make it obvious to the 
molder that he has put the cope part 
of the pattern on wrong, or the pat- 
ternmaker should use two different 
sized dowel pins so that it is im- 
possible to put the cope half of the 
pattern on wrong (Fig. 3). 

Draw Straps. On large patterns, 
the matter of draw straps or draw 
bolts is important. The author pre- 
fers draw straps. If the pattern is 
large, such steel straps should ex- 
tend down to the bottom of the 
pattern and hook under it, so that 
the pull will be from the bottom. 
The straps should be placed on the 
pattern core print, if that is prac- 
tical. If they must be on the pattern, 
it is advisable to set the strap into 
the pattern to avoid excessive mold 
patching. 

The pattern should be well braced 
and built around the point where 
the straps will pull. If this is not 
done, the pattern will be so badly 
twisted after one or two draws that 
it will have to be repaired before 
additional castings can be made. As 
stated, the author prefers draw straps 
on a pattern because he believes 
that their use is simpler and less 
likely to damage the pattern for 





future use. If well constructed, a 
pattern with draw bolts is a good 
pattern, provided its construction is 
planned so that the pull is directly 
from the bottom of the pattern 


(Fig. 4). 


Sectional Large Patterns 

It seems to the author that pat- 
ternmakers seldom think about build- 
ing a large pattern in sections around 
a center that can be drawn out 
separately from the outside sections. 
One wonders sometimes if those 
learning the trade have ever heard 
about the method. Let us describe 
a case in point. The job is a large 
marine cylinder which will weigh 
about 11 tons. It is to be cast on end. 

If the pattern is made in one piece 
and provided with good draw straps, 
the pull is enormous when the pat- 
tern is removed from the sand; first, 
because of the friction of the sand 
against the pattern, and second, be- 
cause of the vacuum created as the 
pattern starts to leave the bottom of 
the mold. This strain is hard on the 
best of patterns and, after being used 
a relatively few times, the pattern 
is ready for rebuilding, if accuracy 
is to be maintained— in fact, if any 
castings are to be made at all. 

Suppose a center is made around 
which four sections are built (Fig. 
5). Then, when the mold is rammed, 
the center part of the pattern is 
drawn easily and each section easily 
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removed separately afterward, lea, 
ing the mold in good condition fi 
economical finishing. With such cor 
struction, the pattern is not dan 
aged. The foundry with which th 
author is associated has had a cylin 
der pattern of the type described ix 
use for over three years without re- 
quiring any major repairs. 

This clearly shows the advantage 
of such construction. This method of 
pattern construction often could b 
followed with profit on large pat- 
terns where more than one or twe 
castings are required. It would pre- 
serve the pattern investment for the 
purchaser and give him better cast- 
ings. Such patterns are easier to 
handle, and easier to store. 


Pattern Distortion 

Many times, the patternmakers 
seem to forget that lumber will swell 
when it remains in the mold for any 
length of time. This is due to damp- 
ness of the sand and is an im- 
portant point to remember. Take 
for instance a long, flat pattern, such 
as a surface or bolster plate. The 
boards in the pattern should not be 
put on the face tight to each other. 
There should be a 1/16 to 1/8-in. 
spacing between them on the large 
surfaces to allow for swelling. This 
retains greater accuracy in the pat- 
terns and makes better castings. 

Side Boards to Bottom. One of the 
nightmares of a foundryman is to 
get large patterns with the side 
boards not extending to the bottom 
of the pattern. The patternmaker 
will build up the sides like a box 
and then put on the bottom. He 
usually will finish the bottom edge 
to a good match before it leaves the 
shop (although many times he does 
not do a good job of that either). 

Invariably, after such a pattern is 
in use, the bottom boards swell, and 
then they will extend a little over 
the side wall boards of the pattern. 
When that takes place, the pattern 
is securely anchored in the mold. All 
that can be done under such condi- 
tions is to pull and pull until the 
mold is destroyed in getting the pat- 
tern out, or until the pattern is 
broken drawing it out of the mold. 
One rule which should be followed 
in large pattern construction is “Al- 
ways run the side boards of a large 
wood pattern to the bottom.” 

Pattern Draft. The author some- 
times wonders how patternmakers 
expect a foundryman to hook out 
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ockets where there are deep ribs, 
vhen little or no taper or draft is 
llowed. Without sufficient draft, the 
ockets will be torn when drawing 
he pattern. This is especially true 

lifting off the cope. The result is 
hat much time is spent by the 

\older in patching and nailing. This 
equires excessive finishing, which 
esults in increased costs and lower 
juality castings. 

Core prints are another problem 
cing the foundrymen. Core prints 
ire used to support and to help hold 
the core in place. It is difficult to 
make a rule, and a visit to the 
foundry by the patternmaker will 
help considerably. One gets better 
castings if he does not have to re- 
duce the size of the core by rubbing. 

Shrink Rule 

The patternmaker makes the mis- 
take of constructing the pattern and 
core to the same shrink rule for 
large patterns. For small bench 
work, made in green sand, the same 
rule can be used. But for larger cast- 
ings, made in dry sand, it is a head- 
ache to the foundry. To help this 
condition use the shrink rule on the 
pattern and the common rule or 
1 /16-in. shrink rule on the core box. 
Then the core will readily go into 
and fit the core print without rub- 
bing. 

Taper on Core Prints. Core prints, 
in the bottom of a mold, should 
have a slight taper. Where the core 
is not tapered to suit the core print, 
the smallest part of the core print 
should be made to fit the straight 
part of the core the taper providing 
the clearance. 

Cope and Drag Prints. It is ad- 
visable to avoid putting core prints 
on the cope side of a pattern unless 
they are used to locate a core or to 
hold a core in place. Cores, that are 
secured in the drag and cut through 
to the cope, do not need cope core 
prints because the cores are already 
located in the mold and the touch 
of the cope holds them in place. 
Therefore, by omitting the core 
prints in the cope simpler molding 
is provided. Such practice also helps 
to make cleaner castings by eliminat- 
ing the danger of crushing when 

closing the mold for the .ast time. 

There are some cases where core 
prints should be omitted in the drag, 

if possible. For instance, where the 
body of the core is larger than the 
core print, it is impossible for the 
molder to see the core print when 


he sets the core. He works blindly. 

Length of Core Prints. The length 
of core prints depends upon their 
position and their purpose in the 
mold. If they are to locate a core, 
they should be about !-in. deep, but 
if they are to support a core and 
hold it in place, they may run from 
1% to 


upon the weight and size of the 


9 or 6-in. long, depending 


core. 

Short core prints often cause 
scrap castings because they will not 
support the weight of a heavy core 
running crosswise in the mold and 
do not provide sufficient bearing to 
hold a core correctly in position 
Likewise, if core prints are too short 
and lie horizontally, venting to re- 
move gas created in pouring is al- 
most impossible. 

Clearance on Core Prints. Pattern- 
makers could provide simpler mold- 
ing by allowing clearance in the drag 
half of the core print as well as in 
the cope half. This saves the molder 
from shaving back the core print or 
rubbing the core. In other words, a 
sand core has rods in it and, in dry- 
ing, may have small heat cracks, 
making the core a little longer. The 
longer the core, the more rubbing a 
molder must do to get the core into 
the mold. The rubbing could be 
avoided by allowing the same clear- 
ance on the drag half core prints 








Fig. 6—Frame for a punch press. 
The frame was split. 


The center was lifted out with an arbor. 
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that is customary for the cope half 
core print 
Witne ‘s on ( Tv é Prints 


on core prints should always be in- 


Witnesses 
cluded (1) when it is possible to 
reverse the core when pla ing it into 
the mold, (2 
be used in either of two places and 


when the core can 
is correct in only one, o1 }) rota- 
tion of the core will make an im- 
proper casting 

This thought seems simple and 
unnecessary. It would be out of place 
only forthe fact that patternmakers 
so often neglect to put witnesses on 
core prints under these conditions, 
and in such cases the foundryman 
runs into trouble. Allied to this same 
thought is the matter of loose core 
prints on a pattern held in place by 
dowel pins: If the dowel pins ar 
the same for several loose prints so 
that they can be reversed, trouble 
results. Ways should be used to pre- 
vent such errors, either by witnesses 
or other methods. 

Fillets. To 
fillets on a mold where the pattern- 
maker indicates that they should be, 


color 


have a molder cut 


by mark with a crayon or 
paint, makes expensive molding, be- 
cause the mold has to be cleaned 


fillets are cut and 


out after the 
that takes time. It also might be 
added that, when fillets are so cut, 
a good job 


they are not always 





The broken casting was used as a pattern. 


Lagging was 


put on to allow for shrinkage and finish where required. The mold was 
ready 3 days after the broken casting arrived at the foundry. 




















Fig. 7—Large bull gear. Only one was required. To make the casting, all 


s? 


that was required was (1) a sweep to form the bottom of the mold, (2) a 
pattern section for ramming the outside, and (3) core boxes to set up one 
section from arm to arm. 


Therefore, it should be concluded 
that for better casting appearance, 
the fillets should be mounted per- 
manently on the pattern. 

This subject might be referred to 
as patterns for one casting or, at 
the best, two or three. This problem 
needs consideration because, if the 
pattern for such a part is made to 
standard practice, the cost is so great 
that the finished part is very expen- 
sive. Because of this high cost, the 
buyer may consider other ways to 
solve his problem at a lower final 
cost and may begin to figure the use 
of weldments instead of castings. 
Such a procedure by the buyer loses 
business both for the pattern shop 
and for the foundry. Often there are 
ways to reduce this over-all cost by 
better pattern and casting planning. 

If the patternmaker would seek 
the foundryman’s assistance on such 
occasions, it would be profitable for 
both the foundry and pattern shop. 

Using Castings for Patterns. Old 
castings often can be used as a body 
for a pattern by lagging certain parts 


of the casting for machine finish or 
shrinkage, by building on some core 
prints and by making suitable core 
boxes. This makes a low pattern 
cost, a slightly higher casting price, 
but a _ reasonable over-all cost 

Core Assembly. Take a large gear 
blank as an example of a casting, 
only one of which is to be made. The 
expense for a full pattern is too great 
to make an over-all cost practical. 
On the other hand, one can make 
a segment pattern to form the out- 
side diameter of the mold and work 
it around a spindle after sweeping 
a flat bottom. Then he can make a 
segment core box for half cores, 
working off a proper parting line. 
And finally, one can use a flat cope 
rammed on.a plate; or cover cores, 
weighed off to secure the main cores 
forming the arms and hub. 

This planning will give inexpen- 
sive pattern rigging for one large 
gear blank at a reasonable over-all 
cost that will be practical under the 
conditions. The segment patterns 





and core boxes are not too exper 
sive. The casting cost itself may b 
a little over normal, but the over-a! 
cost is consistent for such a job. 

Figure 7 shows how sweeps and 
core assemblies can be used as ar 
economical procedure to meet com 
petition under these circumstances 
It is an old practice that is being 
forgotten by the younger pattern- 
makers. 

Pull-up Patterns. Let us consider 
pull-up patterns or sweeps as another 
short cut for these one-time or short- 
run jobs. The type of castings, where 
this practice applies on small orders, 
is for castings like a pipe, cylinder 
liner, or crane drum. Suppose the 
job is to be 6, 8, or 10 ft. long. It 
can be cast on end. Here it is pos- 
sible to use a section of pattern only 
24 or 30 in. long. 

The molder can keep drawing it 
up to a gage stick as layers of the 
mold are rammed, until the correct 
height of ramming has been ob- 
tained. Again, such a pattern is 
relatively inexpensive and, while the 
casting price may be a trifle more 
than normal, still the over-all cost 
of the job to the customer is reason- 
able. The pattern storage problem 
also is simplified. In fact, the pat- 
tern may even be thrown away. 

This pull-up procedure applies 
mostly to jobs which are big enough 
to allow the molder to either get 
inside or reach inside for finishing 
the mold. However, sometimes a 
mold can be split into sections so 
that the molder can finish the mold 
by reaching, when the sections are 
separated. 

Sweep Patterns. Another and 
cheaper way for making these larger 
cylindrical-type jobs should be men- 
tioned. That is by using sweeps for 
loam molding. Here again, pattern 
costs fade away. The mold cost in- 
creases somewhat, but a nice job is 
obtained at a reasonable over-all 
price to the customer. 

Half Patterns. Many jobs are sym- 
metrical and many foundries are 
tooled to take advantage of this 
symmetry by using only half pat- 
terns. Such practice reduces pattern 
costs against the job. In fact, even 
on good production jobs, half pat 
terns can be used if one knows that 
the foundry works off molding plate: 
or molding boards using good pir 
centers. 

The pattern can be properly anc 
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curately mounted around center 
nes to produce excellent castings. 
n such cases, a full pattern is a 
vaste of money. The author believes 
hat, as a matter of good will be- 
ween customer and pattern shop, 
ind foundry, these economies always 
hould be employed. 

Carrying this thought further, the 
wuthor often has used quite large 
half patterns without mounting them 
m a plate or board. Suppose a job 
is to be made on its side. A half 
pattern is made, and then a dummy 
is made to fit into the core prints 
of the drag half of the mold and 
strips are run along the joint of the 
drag to support the half pattern 
when it is used for the cope. Methods 
like those which have been men- 
tioned should be remembered for 
these one-time requirements to keep 
the customer casting-conscious and 
satisfied. 

Skeleton Patterns. Let us consider 
skeleton patterns. They may be con- 
sidered to be in two classes: (1) 
plain—for flat or bolster plates, etc., 
and (2) larger—for rather compli- 
cated castings. 

The foundry has a customer who 
purchases many die plates for metal- 
working dies. To keep the costs rea- 
sonable, the patternmaker made a 
frame of the right thickness on 
which he placed bosses and cross sup- 
ports where he wanted them. These 
were put on tightly or with dowels. 
He made sweep sticks to strike out 
the metal thickness within the frame 
before drawing the pattern from the 
drag. This was a simple, inexpensive 
pattern procedure. No pattern was 
used more than once. 

The customer used so many pat- 
terns that storage was impossible. 
The result was that we charged a 
little more for castings than we 
would have charged with first class 
patterns, but the over-all job costs 
were much lower. We sold this cus- 
tomer thousands of dollars worth of 
castings each month. It was a prac- 
tical solution to the customer’s 
problem. 

This instance shows again how the 
patternmaker, foundry, and cus- 
tomer can cooperate to the advantage 
of all from a good business stand- 
point. It is one way for foundries 
to meet competition on this kind of 
work. 

The other field for skeleton pat- 
terns is for large pipes, cylinders, 
valve bodies, etc. In this case, the 


pattern shop also must work with 
the foundry. Sometimes the core 
can even be rammed in the mold. 
In either case, after ramming, the 
metal thickness is cut out by sweeps. 

As an illustration of how this 
works, it might be mentioned that 
the author’s foundry made a series 
of pumps and valve body parts for 
a firm in California some years ago. 
The castings weighed from 4 to 8 
tons each. Figure 8 (see front cover) 
shows the large pump housings made 
from skeleton patterns which were 
destroyed after the job was finished. 
The skeleton was so made that the 
core was made in the mold and 
lifted out with an arbor for finishing 
and drying. 

The pattern shop cooperated in 
making skeleton patterns, which 
brought the pattern price sufficiently 
low to make an over-all job price 
practical. As a result, the customer 
placed the order in Cleveland in- 
stead of shipping the castings from 
the West Coast where better pat- 
terns existed. When the job was fin- 
ished the patterns were scrapped. 

This represents an ultimate in de- 
sign of patterns for short-run re- 
quirements. It is a practice, however, 
that must be given more attention 
and one that patternmakers should 
be thinking about for future com- 
petition. 

Shellac and Color 

The author believes that almost 
every foundryman feels that if a 
wood pattern is made and good 
shellac, or some substitute for shellac 
to which sand will not stick, is not 
available, then leave the shellac off 
the pattern altogether. 

It is certainly disheartening to the 
molder and disastrous to costs, as 
well as destructive to quality, to 
draw a pattern and then find a large 
amount of the molding sand stuck 
right to the pattern because of poor 
shellac. Poor shellac can make a 
mess of a mold. Therefore, do not 
try to save a few pennies on shellac. 

As for color, it is so long ago since 
the American Foundrymen’s Associa- 
tion started advocating red for finish 
surfaces, yellow for core prints, and 
black for the unfinished parts of the 
casting, that those who participated 
in drawing up the A.F.A. Standard 
Pattern Colors are beginning to feel 
like old men. Yet, the practice of 
using these three colors properly is 
followed very little. The writer is 
sure that foundrymen would recom- 


mend that patternmakers follow this 
procedure. It would be helpful. 

Shrinkage is no real problem on 
small patterns, but horse sense must 
be used about shrinkage on large 
patterns. The author will point out 
a few of the larger hazards 

[ron or steel will shrink a certain 
amount per foot of length when cast 
in a straight bar. But, that is not 
definite assurance that complicated 
castings, having many cores, or that 
castings of various shapes will shrink 
that same amount per foot in all 
directions. They do not. That is 
the reason why good, practical judg- 
ment must be used in laying out a 
pattern from a shrinkage standpoint 


Shrinkage 

Take a long bed plate, a long pipe, 
or a cylinder with flanges on the 
ends. Who knows absolutely that it 
will shrink, say one-tenth in. per ft. 
on the length between flanges? One 
cannot be sure. The cores probably 
will hold the casting and not allow 
it to shrink fully. If the casting is 
not allowed to shrink fully, how 
about the end flange thickness after 
machining? They will be thin and 
perhaps the customer will not take 
the job. 

To obviate this, the flanges should 
be backed-up with extra metal. 
Make the flanges sufficiently heavy 
so that they will not be too thin if 
the casting does not shrink as 
planned. The outside ends will cer- 
tainly have plenty of finish, but look 
out for the inside dimensions. Allow 
extra finish or back-up the flanges, 
or do both. 

If pattern dimensions are checked 
against dimensions of castings made 
from those patterns, it will be found 
that the shrinkage problem is an un- 
certain one and that it is necessary 
to safeguard pattern dimensions by 
allowing for probable variations. 

As an example, let us consider cyl- 
indrical castings with cores. Such 
castings do not shrink “to rule” on 
the diameter. Most of the shrinkage 
is lengthwise. Often it is necessary 
to make larger cylinders with shrink- 
age allowance slightly over common 
rule measurements on diameters. If 
such allowance is not made, when 
the job is finished there is too much 
finish on the outside diameter and 
none or practically none on the in- 
side diameter. 

To illustrate this point, some time 
ago the foundry took on a liner job 














Se ——— 








174 


in which the liners were made with 
finish bands only on the outside 
diameter, to save machining cost. 
The customer was objecting because 
he had to machine the whole length 
of the outside diameter to use the 
casting. There was practically no 
finish on the inside. We measured 
the pattern and the casting on diam- 
eter. They were alike. No shrink- 
age had taken place on diameter; 
it was all lengthwise. 

Thereafter, on this type of job, the 
customer used common rule on the 
diameter and shrink rule on the 
length when making this type of pat- 
tern. This is only one illustration. 
Many such instances could be quoted 
on piston rings, wire blocks, and 
other circular parts, to show that 
precautions must be taken for a sen- 
sible use of shrinkage allowances, as 
derived from experience and casting 
design. 

Smaller items to be watched in 








pattern required only cope and drag 
and a core was used to form the 
center portion. With the new pat- 
tern, molding was easy, cost reduced 
and more accurate and _ better 
appearing castings produced. 

Figure 10 shows a pattern that is 
improperly designed. It is a bench 
job. The flange, as can be noted, 
was made as loose sections which 
are held in position with pins. Mold- 
ing was extremely slow and only the 
most skilled molders could be used. 
The castings made from this pattern 
were not of high quality. 

This pattern should have been 
made as a split pattern, which could 
have been molded on the side using 
a flat parting. Had the pattern been 
so made, costs would have been re- 
duced materially and better castings 
produced. 

Many problems, incident to the 
use of miscellaneous patterns in a 
jobbing foundry, have been men- 





PATTERNS IN THE JOBBING FouNpr 


terns properly will help jobbi: 
foundries and give customers bett: 
castings and pattern satisfaction. 

7. Make core prints properly 
that the cores may be correct! 
located, locked and secured. Th 
is an essential point in better castin 
production. 

8. Use good fillets to improv 
casting appearance and make sound 
er castings. 

9. When designing patterns for 
one-time usage or for several cast- 
ings, consider use of assemblies of 
cores, an old casting for a pattern 
and skeleton patterns. 

10. The proper engineering finish 
of a pattern with good shellac and 
standard colors is advocated. 

11. Both patternmakers and found- 
rymen should become more familiar 
with shrinkage changes to give maxi- 
mum satisfaction to the customer. 


The author has shown that there 











Fig. 9—( Above) Pattern required 3- 
part molding. (Center) New Pattern 
requiring only cope and drag. 


making jobbing patterns are placing 
core prints properly to get core bal- 
ance in a mold, and placing them so 
that core wires and core rods can be 
removed from the casting. One also 
might mention some generalities 
about plain practicability of patterns 
for molding, such as the avoidance 
of three-part molding, etc. 

Figures 9 and 10 illustrate pat- 
terns in which moldability has not 
been considered. On the left in 
Fig. 9 is a pattern as supplied by 
a customer and which required 
three-part molding. The molding 
cost was high and good castings were 
difficult to make. 

At the right in Fig. 9 is the new 
pattern for the same casting. This 


tioned, and a short summary of the 
main points might be helpful. 

1. Split patterns are the most de- 
sirable type for many reasons, among 
them lower costs and better castings. 
Seldom is a solid pattern preferable, 
when straight parting is impossible. 

2. The problem of loose pieces on 
patterns and in core boxes needs con- 
stant attention for good operation. 

3. Care in the use and placement 
of dowel pins will prevent many 
errors and reduce casting losses. 

4. Large patterns, properly rein- 
forced and provided with proper 
draw straps, thoughtfully placed and 
securely fastened, will contribute to 
better castings at a lower cost and 
to longer pattern life. 

5. When designing large patterns, 
consider sectional pattern principle. 

6. Applying the lumber to pat- 


Fig. 10—Improperly designed pat- 
tern. Flange is made in loose sec- 
tions held in position with pins. 


is a close tie between patternmakers 
and the foundry, and that there 
should be close cooperation between 
them because they have a common 
interest. The foundry and pattern- 
makers will prosper together and the 
customer ultimately will decide thei 
fate. Today, sand castings have 
competition as never before from 
stampings, die castings, permanent 
mold castings, plastics, weldment: 
etc. We must, therefore, understand 
each other’s problems and work t 
gether for the common benef 
which finally resolves itself into 
cooperative effort to please the cu 
tomer. The author hopes that th 
paper has been helpful in laying 
better foundation for such benefit: 
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Fifth Annual Progress Report 


D. C. Williams 
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A BRIEF DESCRIPTION is given 

f a newly constructed furnace for 
levated temperature research on the 
hot compressive and hot transverse 
strength of foundry sand test speci- 
nens. 

Green hot compressive strength- 
specimen exposure time data for 
eight sand mixtures (mixture addi- 
tions, western and southern ben- 
tonites, fire clay, cereal and silica 


Fig. 1 


flours) having 5 per cent moisture 
is shown for temperature control set- 
tings of 1600°, 2000° and 2500° F. 
This required the testing of 1119 
specimens. 

The addition of silica flour to the 
two kinds of bentonite mixtures in- 
creased the maximum and minimum 
hot compressive strength of the test 
specimen, whereas the addition of 
cereal flour did not appreciably 
affect these strengths at most of the 
temperature control settings (ten- 
dency toward lower strengths. ) 

The maximum hot compressive 
strengths for all test specimens oc- 


curred at temperature control set- 
tings of (1) 1600° F. for the ben- 
tonite mixtures and (2) 2000° F. 
for the fire clay mixtures. The mini- 
mum strengths for all mixtures oc- 
curred at 2500° F. and were sub- 
stantially zero psi. 

Little difference was found in the 
minimum hot compressive strength 
of the test specimen for fire clay 
and southern bentonite mixtures 
alone and when cereal flour was 
added. 

Stress-strain data indicate it is de- 
sirable to load the test specimen at 
a constant strain rate. The maxi- 


New elevated temperature research furnace at Cornell University. 


> Fifth Annual Progress Report of the investigation of steel 

foundry sands at elevated temperatures, sponsored by 
the Subcommittee on Steel Sands, Committee on Physical 
Properties of Foundry Sands at Elevated Temperatures and 
conducted at Cornell University. 








Table 1 
SAND MrxtTurREs TESTED 


—Com position, per cent 


Western Southern 

Mixture No. Sand Bentonite Bentonite 

1 96 4 

2 86 4 

3 95 4 eile 

4 96 4 

5 86 4 

6 95 4 

7 96 


95 


93 


So eo 


mum strain value for the western 
bentonite mixture was approximately 
twice the maximum value when 
silica and cereal flours were added to 
the bentonite mixtures. 

During 1944, a change in the 
committee set-up for elevated tem- 
perature investigations took place. 
The work being done at Cornell Uni- 
versity now is sponsored by the Sub- 
committee on Steel Sands, Commit- 
tee on Physical Properties of Foundry 
Sands at Elevated Temperatures. 
During 1944, this work covered two 
phases: (1) the building of a piece 
of elevated-temperature testing 
equipment for research, and (2) the 
initiation of the foundry mixes pro- 
gram. H. W. Dietert presented a 
1944 model of his dilatometer to the 
A.F.A. and it was installed at Cor- 
nell University to be used primarily 
in conducting the foundry mixes 
program. Werner Finster, chairman 
of the subcommittee, before the 
change in organization, wrote the 
following to the subcommittee re- 
garding the new dilatometer and the 
foundry mixes program: “It was the 
thought of the officers of the sub- 
committee that the second dila- 
tometer would be used as furnished 


Table 2 
ScrREEN ANALYsIs OF Basse SAND 


U.S. Bureau 





Standards Per Cent 
Sieve. No. Retained 
40 0.51 
50 10.15 
70 40.95 
100 35.40 
140 10.90 
200 1.92 
270 Trace 
Pan Trace 
99.83 





Silica 
Flour 


Fire Cereal 


Cla) Flour Moisture 


5.4 

10 5.0 

l 5.2 
met 9.2 

10 5.2 

l re Oe 
~ 
I 4.8 


by H. W. Dietert, and that sand 
mixtures, changing only one variable 
at a time, would be tested on this 
dilatometer. While it must be under- 
stood that data developed in this 
manner will only represent informa- 
tion as developed on this particular 
instrument, results of this investiga- 
tion should be of help to the in- 
dustry, which also is using commer- 
cial dilatometers.” 


New Research Furnace 

Four needed requirements for a 
research instrument to investigate 
foundry sands at elevated tempera- 
tures are: (1) means of observing 
the test specimen at all times during 
exposure to heat, (2) furnace heat 
capacity great enough so that the 
introduction of the test specimen 
into the furnace would cause a 
negligible temperature drop, (3) an 
air-free hydraulic pressure-loading 
system and (4) a piece of testing 
equipment with sufficient capacity 
to also conduct a transverse test at 
elevated temperatures. 

In an attempt to satisfy the above 
requirements, B. A. Bovee, Car- 
borundum Co., Niagara Falls, N. Y., 
designed a silicon carbide resistor 
furnace. The new furnace, Fig. 1, 
was built at Cornell University. The 
pressure-loading equipment is not 
shown because of difficulties in ob- 
taining the necessary parts. At the 
present writing, the furnace has been 
taken through the preliminary heat- 
ing up and it appeared that no 
trouble would be found in reaching 
a temperature of 3100° F. when 
desired. 

When making a strength test, it 
is highly desirable that the test speci- 
men be observed at all times. To be 
able to see just how cracks form may 
be valuable information. For re- 


search purposes, it is necessary to 
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eliminate a furnace temperatur 
drop if possible. The new researc! 
furnace has at least nine times th: 
heat capacity of the commercia 
dilatometer furnace. 

On the new research furnace th: 
rate of table rise will be variable. A 
change in rate can be obtained by 
opening or closing a by-pass valv: 
to the reservoir. It will be necessary 
to make the new hydraulic system 
air free. 

When using silicon carbide heat- 
ing elements, it is highly desirable 
that the electrical energy input be 
continuous. The electrical energy re- 
quired to just about maintain a tem- 
perature control setting will be 
regulated manually. An additional 
small amount of the electrical energy 
input will be regulated automatically 
to maintain a temperature control 
setting. Capacitors (ordinarily used 
for power factor control) are used 
to regulate the energy input. 

The specimen will be introduced 
into the furnace by means of a re- 
fractory skid. This skid is so ar- 
ranged that it will be possible to 
alternate between a compression and 
a transverse test, as desired, without 
a time delay. The maximum size of 
the specimen that can be handled 
will be 2'%-in. diameter or 21/2-in. 
on one side and 6 in. long. 


Foundry Mixes Program 

The hot compressive strength re- 
sults reported in the following are 
the beginning of this program. Suc- 
ceeding progress reports will contain 
continuations of these studies. 

The results for sand mixtures 
given in Table 1 were obtained un- 
der the following conditions: 

(1) A 1944 model commercial 
dilatometer was used for all tests. 

(2) A controlling thermocouple 
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Fig. 2—Cumulative distribution 
curve for sand used for foundry 
mixes program. 
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Fig. 3—Relation between hot compressive strength 
and exposure time on mixtures shown in Table 1, 


tested at 1600° F. 





TEMPERATURE CONTROL 


240 | ] y 
| 


SETTING — 2500°F. 











160 











STRENGTH — P.S.1. 


120 




















HOT COMPRESSIVE 


“<2. = — am 

0 et 

. ¢ 8 8s v's 8 10 12 
SPECIMEM EXPOSURE TIME IN 











PME S BE 


niente i 7-5 -% 
i6 20 








MINUTES 


Fig. 5—Relation between hot compressive strength 
and exposure time on mixtures shown in Table 1, 


tested at 2500° F. 
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Fig. 4—Relation between hot compressive strength 


and exposure time on mixtures shown in Table 1, 
tested at 2000° F. 
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Fig. 6—Relationship between furnace temperature 
and maximum and minimum strengths obtained 
at different exposure times. 
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(platinum vs. platinum-10 per cent 
rhodium) had its bare hot junction 
located opposite the center of the 
specimen and inside the heating 
chamber. 

(3) A double bore fused quartz 
thermocouple protecting shield. This 
type of protecting shield was used 
because: (a) it is transparent to 
most of the radiant ,heat; (b) for 
any chosen recovery time, the over- 
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Fig. 7—Stress-strain diagram for 


Mixture 1, Table 1. 


heating of the element temperature 
was reduced approximately one- 
third, and (c) less impressed voltage 
was required to obtain a chosen re- 
covery time. 

(4) Refractory disks (mullfrax 
“S”) 1-in. thick and 134-in. diameter 





* Four tests. 
** Three tests. 





Table 3 
VaRIATIONS IN Hot STRENGTH (PsI.) OF VARIOUS SAND MIXTURES 
witH Exposure TIME (AVERAGE OF Five TEsTs) 
(Exposure TEMPERATURE, °F.) 


Exposure ; : ; 
Time. Mixture 1 Mixture 2 Mixture 3 
Min. 1600 2000 2500 1600 2000 2500 1600 2000 2500 

2 127 104 108 176 365 194 101 165 46 
) 186 126 21 369 380 62 152 190 7 
} 188 140 17 346 352 35 253 136 4* 
5 234 134 10 395 252 32 357 73 0 
6 336 206 7* 397 283 26 327 50 0 
8 339 153 6 415 306 24 325 66 

10 356 146 Y 379 294 20** 382 98 ca 
12 $25 148 0 386 297 17 374 128 0 
16 404 173 ; 391 304 22 370 158 
20 9] 183 0 389 316 10 396 168 

Mixture 4 Mixture 5 Mixture 6 
2 44 53 27 176 135 120 41 42 11 
3 97 59 19 235 225 32 46 50 7 
4 95 72 4 275 182 8 73 40 0 
5 99 61 0 305 142 6 81 50 ca 
6 118 43 0 352 98 7 88 32 0 
8 148 +4 0 359 84 2ee 123 34 0 
10 185 18 mx 367 110 0 161 45 ue 
12 244 64 0 366 191 0 156 65 0 
16 256 82 ae 374 216 ae 232 92 
20 326 84 ia 373 232 same 222 106 
Mixture 7 , Mixture 8 Mixture 9 

2 36 31 29 37 33 42 78 

3 36 34 47 38 45 81 99 

4 +0 59 45 40 113 61 142 

5 40 87 12 49 183 20 218 

6 41 108 4 71 197 9 256 

8 51 172 0 76 = 227 4 299 
10 57 170 0 70 = 241 5 316 

12 58 177 nae 76 226 7 320 
16 64 202 Sent 92 270 8* 343 
20 64 204 fae 84 280 4** 345 
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were used. These disks were used 
because: (a) they covered the ex- 
panded surface of the heated test 
specimen, (b) their thickness insured 
the conducting of a compression test 
upon the test specimen, and not a 
transverse test upon the disk, and 
(c) that the heat absorbed by the 
test specimen was not dissipated 
through the disk. 

(5) The controlling thermocouple 
recovery time ranged from 2 min. 
15 sec. to 2 min. 45 sec. 

(6) The pump motor was started 
so that contact between the upper 
post and top disk was made within 
plus or minus 2 sec. of a given ex- 
posure time (contact indicated by a 
rise in gage pressure). 

(7) Trapped air in the hydraulic 
pressure system could not be re- 
moved; evidence of trapped air was 
indicated by a sudden plunger jump 
when the test specimen ruptured. 

(8) All tests were made using 
green sand specimens. 

(9) All test specimens were 1'%- 
in. diameter and 2 in. long, being 
molded in a split specimen tube. 

(10) Hot compressive strength 
tests were made at furnace control 
temperature settings of 1600, 2000 
and 2500° F. 

(11) The silica sand used had the 
mechanical analysis shown in Table 
2. Figure 2 shows the cumulative 
curve for this sand. 

(12) The total weight of dry ma- 
terials or each batch mixed was 10 
lb. or 4500 grams. The mixing was 
carried out in a 24-in. laboratory 
mixer (revolving muller type) and 
the batches were mixed 2 min. dry 
and 5 min. after the distilled water 
was added. The hot compressive 
strength testing was started imme- 
diately after mixing. 

(13) The mixtures tested are 
shown in Table 1. The numbers of 
the mixtures correspond to the num- 
bers of the curves, showing the rela- 
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tionship between exposure time and 
hot compressive strength. 

(14) The moisture content of the 
mixtures tested varied from 5.0 to 
5.4 per cent, with one exception of 
+.8 per cent. 

(15) Each point plotted repre- 
sents an average of five tests except 
when the strength was zero and three 
tests were made. Average test re- 
sults are shown in Table 3. A total 
of 1119 tests were made in order to 
plot the curves of Figs. 3, 4, and 5. 

Figure 6 shows the relationship 
between the furnace temperature 
control setting and the maximum 
and minimum strengths obtained 
during exposure periods of 2 to 20 
min. The following points may be 
noted: 

(1) The maximum strength for all 
bentonite mixtures tested occurred 
at a temperature control setting of 
1600° F. 

(2) The maximum strength for all 
fire clay mixes tested occurred at a 
2000° F. temperature control setting. 

(3) With the exception of mix- 
ture No. 2 the minimum strength 
curves show decreasing strength as 
the temperature control setting is 
raised from 1600 to 2000 to 2500° F. 

(4) The addition of 10 per cent 
silica flour to a 4 per cent western 
bentonite mixture did not increase 
the maximum hot compressive 
strength at a temperature control 
setting of 1600° F. At temperature 
control settings of 2000° and 2500 
F. the silica flour addition approxi- 
mately doubled the maximum 
strength. 

(5) The addition of 10 per cent 


Fig. 8—Stress-strain diagram for 
Mixture 2, Table 1. 
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Fig. 9—Stress-strain diagram for Mixture 3, Table 1. 


silica flour to a 4 per cent southern 
bentonite mixture increased the 
maximum and minimum hot com- 
pressive strength at all temperature 
control settings. 

(6) The addition of 1 per cent 
cereal flour to 4 per cent western 
and southern bentonite mixes gen- 
erally indicated some change in the 
maximum hot compressive strength. 
In some instances the reduction or 
increase in strength is slight. 

(7) The addition of 1 per cent 
cereal flour to a 4 per cent fire clay 
mixture increased the maximum hot 
compressive strength at all tempera- 
ture control settings. No change was 
noted in the minimum hot compres- 
sive strength at any temperature 
control setting. 

8) As a temperature contro] set- 
ting of 2500° F., all the mixtures 
tested had very little or zero mini- 
mum hot compressive strength. 


Stress-Strain Curves 
Stress-strain data for mixtures 1, 
2 and 3 (sands bonded with com- 
binations of western bentonite, cereal 
and silica flours) will be found plot- 
ted in Figs. 7, 8 and 9. Each point 


shown represents an average of three 
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to five determinations, and all tests 
were made at a temperature control 
setting of 2000° F. The strain values 
were obtained from the rise of the 
dirt pan and the values of strain 
were recorded just prior to the in- 
dication of stress in order to deter- 
mine zero strain. 

The initial slope of the curves in- 
dicates that at low values of stress 
there is a compacting of the test 
specimen. 

The shape of the curves indicates 
that it is desirable to load the test 
specimen at a constant strain rate. 

The final strain value for mixture 
No. 1 was almost twice the final 
strain value for the other two mix- 
tures, indicating that the former was 
definitely more plastic. 

A study of the distribution of test 
data has been started and probably 
will be completed in time for the 
next annual report. 
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Reduction 


ot Microporosity 


in Magnesium Alloy Castings 


ROM the viewpoint of sound- 

ness of magnesium alloy castings, 
both the user and the producer are 
concerned primarily with the defect 
known as microporosity. Among 
light-alloy foundrymen, this term is 
used more or less interchangeably 
with “microshrinkage.” The latter 
term is more specific, for it implies 
that the defect is caused entirely by 
shrinkage. For reasons which will 
become obvious, the term “micro- 
porosity” will be used in this paper. 

Microporosity is by no means a 
malady characteristic of magnesium- 
base alloys only. It is common in 
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commercial solid-solution type of al- 
loys regardless of the base material; 
i.e., those alloys having a consider- 
able range of solidification and 
forming little or no eutectic liquid 
during solidification. 

It is especially common in high- 
purity commercial solid-solution type 
aluminum-base alloys containing 


magnesium and/or zinc, and in the 
high-purity binary alloy containing 
up to about 4.5 per cent of copper. 
It is also common in many copper- 
base casting alloys, in which it is 
known variously as “oxidation,” 
“shrinkage,” “gas porosity,” and “in- 
cipient shrinkage.” 

The appearance of microporosity 
in magnesium alloys is illustrated by 
the accompanying figures, which 
show it by means of X-ray and by 
photomicrographs. Specifically, 
microporosity, as shown by Fig. 10, 
consists of small voids more or less 
interconnected to form colonies, the 








® Laboratory and production foundry tests results indicate that the occurrence 
of microporosity in magnesium alloy castings may be markedly reduced by the 
use of melt degassing methods described in the paper. 
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individual voids being visible only 
under a microscope, but the colonies 
may be visible with a naked eye on 
carefully machined, ground, or 
polished sections. The individual 
voids usually lie between the grains, 
but may occur between the axes of 
the dendrites forming the grains. 

After the castings have been heat 
treated, the fractures through sec- 
tions containing microporosity are 
discolored, the shade of the discolor- 
ation depending upon the amount 
of the microporosity. In general, 
the color has a slight tinge of straw 
yellow when. the microporosity is 
not severe, the color increasing in 
intensity through brown, gray, and 
black with increasing amounts of 
the unsoundness. This unsoundness 
has an adverse influence on the 
mechanical properties, the effect on 
the properties of test bars cut from 
castings being as follows:' 


—Relative Value— 


Color of Tensile Elongation in 

Fracture Strength 2 in., per cent 
Clean, sound 100 100 
Pale yellow 78 70 
Brown 68 60 


Gray, black, purple 50 30 








Fig. 5—Radiographs of sections cut from wedge casting showing various heights of sound 


metal, corresponding to variations in gas content of melts. 


This adverse effect of micropor- 
osity on the tensile properties is very 
serious indeed, and while no data 
are at hand, it is quite likely that 
the adverse effect on the fatigue life 
would be even more severe. This 
wculd be expected because the 
microporosity forms angular dis- 
continuities, a form of defect which 
acts as a stress raiser in the casting. 

In view of the occurrence of 
microporosity in commercial cast- 
ings which are considered to be of 
fairly good quality, it is evident that 
the problem is a serious one and 
merits considerable attention on the 
part of both the user and the pro- 
ducer of magnesium castings. 


Practical Methods of Measuring 
Degree of Microporosity 


There is no reliable method of 
precisely measuring the degree of 
microporosity in a casting, but there 
are methods of roughly estimating 
the severity of the defect. These 


methods are (1) fracturing the cast- 
ing after heat treatment, (2) pre- 
paring sections of the casting and 
observing the unsoundness under the 
microscope or revealing the unsound 
areas by using oil and chalk, and (3 
X-raying the casting. 

The first two methods are 
destructive and, therefore, have 
their limitations. They are both 
thoroughly reliable, but they show 
the degree of unsoundness only on 
the section fractured or polished 
The X-ray method does not have the 
limitations of the first two methods 
but, unfortunately, radiography is 
not too reliable unless its limitations 
are realized and the results are in- 
telligently interpreted. 

The X-ray shows the micropor- 
osity reliably and very well when 
dealing with reasonably thin sections 
which lend themselves to good ex- 
posures. Unfortunately, most com- 
mercial castings are too complicated 
for good X-ray “shots” and, under 
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Fig. |—Views of the wedge casting used in the investigation. 


these circumstances, the X-ray may 
provide a clean bill of health for 
the sections which are difficult to 
X-ray, but show unsoundness where 
the X-ray exposure is more favor- 
able. Even with good exposures, 
only severe cases of microporosity 
may be discovered in heavy sections. 

Because of these limitations and 
the expense involved, many found- 
ries rely mostly on the fracture test 
to determine the quality of the cast- 
ings in respect to the occurrence of 
microporosity. This may be done 
by (1) fracturing a certain percent- 
age of production, sav cvery twen- 
tieth casting, regardless of whether 
or not the casting is scrap, or (2) 
fracturing all or a portion of the 
scrap, since this can be safely as- 
sumed to be representative of the 
production in respect to the occur- 
rence of microporosity. 

Since the microporosity shows on 
the fracture as a discoloration after 
heat treatment only, the solution 
heat treatment must precede this 
test. Also, because aging makes the 
castings more brittle, the iractures 
will be smeared less if the aging 
treatment has been carried out. 
Most foundries use a hydraulic press 
or a mechanical shear for the frac- 
ture operation, both machines re- 
quiring wire shields for the protec- 
tion of the operator. 


Experimental Methods 
Melting and Molding Procedure 
All melts were made in 60- or 
130-lb. steel pots in a gas-fired 
furnace, using regular commercial 


melting methods, except as noted in 
the data. The molding sand con- 
sisted of a synthetic green sand pre- 
pared by mulling washed Ottawa 
silica sand with 4 per cent of ben- 
tonite, 5 to 6 per cent of inhibiting 
agent No. 190, 1.5 per cent of 
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ethylene glycol, and about 2 per cent 
of water. This sand had an A.F.A 
permeability of 95 to 110 and about 
9 psi. compressive strength. Molds 
were made by jolting to a mold 
hardness of about 60. 

Early in the experimental work, 
it was discovered that a consider- 
able variation in the amount and 


MAGNEsIUM ALLov CASTIN 


location of microporosity occurr 
in a wedge casting being used 

provide bars for certain mechani 
tests. This led to an investigati 
of the causes of these variations 

a first step in the experimental pr 
gram, and the wedge casting ar 
the 4-bar pattern were used for th 
phase of the work. The wedge cas 
ing is shown by Figs. | and 2; tl 
test-bar casting by Fig. 3. 


The susceptibility of the melt 
form microporosity in the wedg 
casting was determined by cutting 
vertical section 2 in. thick from tl 
center of the wedge, smoothing tl 
surfaces and revealing the micr 
porosity by using the chalk and oi 
method, or by X-raying the sectior 
Since these sections are ideal for 
X-raying, this method, checked by 
the oil-chalk method, was employed 
to show the amount and distributior 
of the microporosity. 

Figure 4 shows the distribution o! 
microporosity in the wedge casting 
poured from a good quality melt 
i.e., one which produced about 3! 
in. of sound metal in the bottom of 
the wedge. The gate was at the end 
marked on the X-ray film, and it is 
evident that less microporosity oc- 
curred in this portion, but its 
distribution is otherwise uniforn 
throughout the length of the wedg 

The vertical %-in. section cut 
from the center of the wedge, ther: 
fore, may be regarded as being rep- 
resentative of the casting. Melts var- 
ied considerably in respect to height 
of sound metal in the bottom of th 
wedge. This variation was found t 
be from 0 to about 31 in., depend 
ing upon the melting technique and 
melt treatment. These variations i! 
melt quality as represented by thei 
susceptibility to form microporosit: 
are shown by the photographs 


Fig. 2—Photograph of the wedge casting used to measure the susceptibility of the melt 
to the formation of microporosity. 
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Fig. 3—Photograph of the four-bar pattern test-bar casting. 


X-ray films presented in Fig. 5. 

The section at the left in Fig. 5 
was poured from a gassy melt very 
subject to the formation of porosity, 
in this instance macroscopic in size. 
The melt quality improves succes- 
sively from left to right, the last’ one 
having 3% in. of sound metal at the 
bottom of the wedge. This amount 
of sound metal was about the best 
that could be obtained in the wedge 
casting except by the employment of 
special means, such as by using an 
air vibrator on the mold or exo- 
thermic compounds on the risers. 

It was found that the test bar 
properties did not reflect the melt 
quality in the range encountered in 
this work unless the melt was de- 
liberately gassed. Since all of the 
test bar properties were very good, 
unless they were poured from pur- 
posely gassed metal, no test bar data 
are listed in this paper. 


Gas in Magnesium Melts 
The possibility was investigated 
that dissolved gas in the melt might 
account for the variation in the sus- 
ceptibility of the metal to micropor- 
osity in the wedge casting. In view 
of the strongly reducing nature of 
molten magnesium, it is not likely 
that such common gases as CO, 
CO, and SO, would be the cause o 
much trouble, for these gases would 
be decomposed by reduction. 
Nitrogen forms a stable nitride, 
and it also is not likely to be a cause 
of difficulty from gas evolution 
during solidification. However, mag- 
nesium melts, like those of alumi- 
num, might dissolve hydrogen. 
Winterhager* tentatively found that 
the solubility of hydrogen in mag- 
nesium was as shown in Table 1. 


Table 1 are remarkably high and 
would warrant checking. Magnesi- 
um alloy melts generally are con- 
sidered to be free of gas absorption 





Table 1 


SOLUBILITY OF HYDROGEN IN 
MAGNESIUM 


H, per 100 


Temperature, grams Metal 


650 solid 18 
650 liquid 26 
700 liquid 26 
800 liquid 27 


900 liquid 


31 


difficulties, probably because no 
macroscopic evidence of gas, such as 
pinholing, occurs in the castings. A 
very considerable amount of evi- 
dence has been accumulated that 
magnesium alloy melts can and do 


absorb hydrogen, and this is amply 
demonstrated by the experimental 
results described in the following 
paragraphs and by the photograph 
Fig. 11). 


Experimental Work 
The Effect of Hydrogen Additions 


A number of heats were pre- 
pared whereby careful melting 
methods were used to avoid gas 
absorption and to provide a good 
quality of metal. A control wedge 
was then poured, for purposes of 
comparison, to show the height of 
sound metal in the wedge prior to 
the special treatment. The remain- 
ing melt was then treated in various 
ways to add hydrogen to the melt, 
after which another wedge was 
poured. 

Sections from the wedges were cut 
and X-rayed as decribed previously, 
and the relative soundness, i.e., the 
height of sound metal in the bottom 
of the wedge, was measured. Using 
ASTM.-4 alloy, the effect of gassing 
the melt was found to be as in- 
dicated by the data provided in 
lable 2 

These data clearly show that if 
ordinary tank hydrogen is bubbled 
through the melt, the wedge poured 
from it will contain more micropor- 
osity than the wedge poured before 
the hydrogen addition. Apparently, 
also, it is the moisture in the hydro- 
gen rather than the molecular 
hydrogen which causes the gas ab- 
sorption. This is a characteristic of 
biatomic gases, for, if they are pro- 
duced in atomic or nascent form, 


Fig. 4—Radiograph of the wedge casting showing the distribution of microporosity 
represented by the dark, cloudy areas on the photograph. 
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they are much more active than the 
molecular gas. 

The atomic or nascent hydrogen 
is produced by the reaction 

Mg + H.O — MgO + 2H. 
The H is very active, whereas H, 
is not sufficiently dissociated at the 
temperature of the magnesium melt 
to be absorbed to any noticeable ex- 
tent by the treatment in 
Heat 97. 

Other sources of atomic hydrogen, 
such as NH, and metallic hydrides, 
also gas the melt and markedly de- 
crease the height of sound metal in 
the wedge. This is illustrated by the 
data in Table 3. 

These data clearly show that 
atomic hydrogen supplied as 
moisture, ammonia, or as metallic 
hydrides will, if added to the melt, 


5-min. 


greatly increase the amount of 
microporosity as measured by the 
height of sound metal in the wedge 
casting. 

If it now be granted that an in- 
crease in the amount of hydrogen, 
apparently in atomie form in the 
melt,. causes an increase in the 
amount of microporosity, the ques- 
tion then becomes a dual one: (1) 
how may the hydrogen be kept out 
of the melt, and (2) if it enters, 
how can the hydrogen be eliminated 
from the melt? 

In respect to the first part of the 
question, the melting practice is the 
principal factor determining the 
amount of gas in the melt, which in 
turn reflects the amount of micro- 
porosity obtained in the casting. The 
importance of some of the factors 








Table 2 

ErFecT OF HyDROGEN ON OCCURRENCE OF MICROPOROSITY 
Height of Grain 
Heat Sound Metal Size, 
No. Treatment of Melt in Wedge, in. in. 
82A Melted, using good practice 3 3/4 0.005 
B Tank H; bubbled through melt at 1400° F. for 5 min. 0 0.004 
83A Melted, using good practice 3 1/8 0.007 

B Tank H; bubbled through water, then into the melt 

at 1400° F. for 5 min. 0 0.004 
97A Melted, using good practice 2 9/16 0.012 
B Dried H; bubbled through melt at 1400° F. for 5 min. 3 1/2 0.010 





Fig. 6—Radiographs of section of turret 

casting, ASTM-4 alloy, are representative of 

regular production of this part in this com 

mercial foundry. Height of sound metal in 

a wedge poured from same heat was only 
¥ in. Compare with Fig. 7. 


encountered in the melting practic 
which influence the amount of gas 
absorption is illustrated by the data 
in Table 4. 

The good fluxing practice con- 
sisted of dusting the refining flux 
on lightly while stirring the melt, o1 
permitting the refining flux to 
liquify completely before it was 
stirred into the melt. The poor fluxing 
practice consisted of placing about 
4 in. of refining flux on the melt 
and stirring it in before it was 
melted, this practice being quite 
common in commercial foundries. 

The manner in which the refining 
flux is stirred into the melt is very 
important because the commercial 
fluxes contain up to 10 or 15 pe! 
cent and rarely less than 4 per cent 
of water. The fluxes are als 
strongly deliquescent and may ab 
sorb considerable water if the flu» 
containers are permitted to stan 
open in the melting room for an 
length of time. 

It is a characteristic of these flux: 
that considerable water may be a! 
sorbed, even at slightly elevat 
temperatures, with the flux stiil 1 
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maining dry and powdery. It is only 
when very large amounts of water 
are absorbed that the flux cakes 
up or feels damp. If the fluxes are 
stirred into the melt before they 
have an opportunity to dry out on 
the melt surface, or if the melt is 
poured through a layer of flux, the 
moisture so introduced into the melt 
will gas the metal. 

In addition to the (1) moisture 
in the flux, there are, of course, 
other sources of moisture which may 
gas the melt, these being (2) 
moisture on the surface of the metal 
charge, (3) moisture on the surface 
of tools and pots if they are not pre- 
heated sufficiently, particularly if 
they are covered with flux, (4) 
moisture naturally occurring in the 
atmosphere, (5) moisture from the 
products of combustion, and (6) 
atmospheric moisture which contacts 
the melt during the pour or that 
which is in the sand and contacts 
the liquid melt before solidification 
occurs. 

No difference has been noted in 
the occurrence of microporosity in 
the wedge or in 5/32-in. plates cast 
in green sand or core sand. Both 
sands have A.F.A. permeabilities in 
excess of 100, and the moisture con- 
tent of the green sand was about 2 
per cent. However, unsoundness 
similar to ordinary microporosity is 
frequently found in fairly heavy 
sections near the surface adjacent to 
Fig. 7—Radiographs of same section of tur- 
ret casting shown in Fig. 6 when made from 
chlorine-fluxed metal. Improved soundness 
of this metal over that shown in Fig. 6 is 


obvious. Height of sound metal in wedge 
poured from same heat was 3!/2 in. 
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Table 3 


EFFECT OF OTHER SouRCES OF ATOMIC HyDROGEN ON OCCURRENCE OF 
MICROPOROSITY 


Height of Grain 
Heat Sound Metal Size, 
No. Treatment of Melt in Wedge, in. in 
81A Melted, using good practice 2 3/4 0.012 
B_ Nitrogen bubbled through water, then in the melt at 
1400° F. for 5 min. 1 1/2 0.010 
85A 100 per cent scrap melted using good practice, except 
scrap was not dried 1 0.006 
B 0.25 per cent zirconium hydride added at 1400° F 0 0.008 
86A Melted, using good practice 3 3/8 0.006 
B_ 0.28 per cent titanium hydride added at 1400° F. 9/16 0.007 
87A Melted, using good practice 2 1/8 0.020 
B 0.25 per cent calcium hydride added at 1400° F 1/8* 0.045 
89A Melted, using good practice 2 3/4 0.020 
B_ Steam bubbled through melt at 1400° F. for 5 min 1/4 0.012 
93A Melted, using good practice 3 0.012 
B NH; bubbled through melt at 1400° F. for 5 min 1/4 0.015 
100A Melted, using good practice 3 15/16 0.007 
B NH; added while heating from 1300 to 1600° F 13/16 0.006 


*See this specimen, 87B, Fig. 5 








Table 4 


EFFECT OF MELTING PRACTICE ON OCCURKENCE OF MICROPOROSITY 


Treatment of Melt 


Good melting and fluxing practice 
Poor fluxing practice 


100 per cent scrap, good melting practice 
100 per cent scrap, not dried, but otherwise 


good melting practice 








either -green sand or core sand 
(Fig. 12). 

This possibly is caused by local 
hydrogen absorption and reprecipi- 
tation without general diffusion 
throughout the casting. If so, this 
hydrogen probably originates by the 
oxidation of the metal by the 


moisture or other oxidizing materials 


Number Height of Sound Metal 

of —in the Wedge, in.—— 

Melts Min. Avg. Max. 
34 1 1/2 23/4 3 15/16 

8 0 3/4 1 3/4 

4 1 7/8 2 7/8 3 1/2 

1 1/4 1 1/8 1 3/4 


in the sand, the latter occurring 
especially in core sands. This oxida- 
tion should be associated with sand 
reaction or burning, accompanied by 
the liberation of hydrogen which is 
locally absorbed and reprecipitated, 
forming microporosity as described 
Consequently, this sur- 
face microporosity should be accen- 


elsewhere. 




















Fig. 8—Radiographs (Figs. 8 and 9) show microporosity in a qear housing, ASTM-1!7 
alloy, and are representative of regular production of this aircraft part in a second foundry. 
Fig. 9—ASTM-17 alloy. Same as part shown in Fig. 8 except that metal was fluxed with 
Cl,. Reduction in microporosity effected by cleaning and degassing operation is evident. 


tuated by high pouring temperatures, 
heavy sections, low -inhibitors, and 
high moisture content of the sand. 
Several experiments have been 
made, but it has been found that the 
occurrence of the microporosity in 
the wedge adjacent to the sand sur- 
face apparently bears no relationship 
to either the moisture or inhibitor 
content of the green sand used. 
The moisture on the surface of 
the metal may be absorbed on the 
surface or as part of the corrosion 
products on the ingot or scrap. This 
is an important gas source which 


can be avoided, partially at least, by 
the following practice: 

(1) By not permitting corrosion 
to occur on the scrap or ingot, this 
being effected by proper housing 
and by avoiding long storage periods. 

(2) By preheating the charge 
thoroughly, this being effected by 
preheating the metal to 400 or 
300° F. in a separate oven, or pre- 
heating the metal carefully on the 
furnace edge and charging each ad- 
dition onto that previously charged 
but which is not yet melted. 


The data in Table 4 clearly show 





the reduction in microporosity ef- 
fected by preheating the scrap meta 
used in the charge. 

The application of good safety 
rules requires preheating of pots and 
tools before they are permitted to 
come in contact with liquid mag- 
nesium, so that this gas source is not 
important. Gas absorption by per- 
mitting the melt to fall in a thin 
stream through the atmosphere is 
quite possible, but it can be avoided 
by keeping the ladle lip near the 
pouring box and pouring rapidly. 

The moisture in the atmosphere 
either that in the products of com- 
bustion in the gas or oil-fired furnace 
or that naturally occurring in the 
atmosphere, is difficult to avoid. A 
degassing operation after melting is 
about the only solution to this prob- 
lem but, as the foregoing data in- 
dicate, a considerable reduction in 
microporosity can be effected by 
good melting and fluxing practices 


Removal: of Hydrogen from the 
Melt by Using a Fluxing Gas 

While good melting and fluxing 
practices are markedly beneficial in 
respect to the reduction of micro- 
porosity, it has been found that con- 
sistently better melt quality can be 
attained by combining good melting 
and fluxing practices with a degas- 
sing treatment, either coincident 
with or just. preceding the grain- 
refining treatment. If superheating 
is used, this operation must follow 
the degassing treatment. 

A common method of degassing 
melts, particularly those of alumi- 
num-base alloys, consists of bubbling 
a suitable gas through the melt 
While the action of such a gas may 
be in part chemical, it is probable 
that such a fluxing material acts as 
a mechanical carrier, the dissolved 
gas in the melt “desorbing” on the 
bubble of fluxing gas, the latter then 
carrying it to the melt surface where 
it can escape. Suitable fluxing gases 
for aluminum are chlorine, nitrogen, 
helium, and vapor from many solid 
and liquid materials, particularly 
chlorides. 

Some of the results obtained by 
degassing by bubbling various gases 
through the magnesium ASTM-4 al- 
loy melts are listed in Table 5. 

In addition to the treatments 
listed in the foregoing data, SO, and 
sulphur vapor were tried, but they 
did not show much promise. Like- 
wise, certain dried carbonaceous 
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gases, such as acetylene, CO,, and 
natural gas were tried and, while 
they do not show much promise as 
degassers, they have a_ beneficial 


effect, as reported separately.* 
The data in Table 5 show that 
dried gases such as argon, helium, 





promise, while a chlorine treatment 
has a markedly beneficial effect 
chlorine is used in place of the usual 
“cleaning” operation of stirring in ; 
refining flux. 


When chlorine is used, the metal 
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Fig. !0—Photomicrograph showing typical 
microporosity in ASTM-4 alloy casting. 
Magnification, X1!00. 


is melted, employing the usual melt- 
ing flux, then chlorine is passed 
through a carbon tube into the melt 
for 15 min. at a rate such that the 
melt temperature during the 
chlorine treatment may be 1250 to 
1450° F. Some slight burning may 
occur during this operation, particu- 
larly if the melt temperature is 
1400° F. or above, but this is read- 
ily eliminated by a light sprinkle of 
refining flux. 

The previously outlined procedure 
for the use of chlorine has been 
adopted as standard practice in all 
the experimental work, and scores 
of melts so treated have amply con- 
firmed the reliability of the data on 
chlorine treatments listed in Table 5 


Commercial Foundry Tests 

he laboratory results on the use 
of chlorine have been checked in 
two commercial foundries making 
aircraft parts Several melts weigh- 
ing up to 300 lb. were treated; in 
one foundry, wedges and miscellane- 
ous aircraft parts were poured from 
melts (1) fluxed for 15 min. with 
chlorine, (2) melted using the melt- 
ing precautions outlined previously, 
and (3) prepared by regular pro- 
duction methods. 

In the second foundry, chlorinc- 
fluxed and regular production melts 
were poured into aircraft parts, and 
quality comparisons were made. In 
each instance, the laboratory results 
were verified and typical radio- 
graphs of castings from regular pro- 
duction and chlorine-fluxed metal 
are shown by Figs. 6 to 9, inclusive. 

Some concern was felt over the 
possibility that the MgCl, formed 
by the chlorine might cause flux 
inclusions. This chloride apparently 
separates from the melt very well, 
and no flux inclusions could be 
noted on the aircraft parts placed in 
a humidity room for several days 

A second common method of de- 
gassing aluminum alloys consists of 
melting, solidifying either in the pot 


Fig. !|—Photograph of section of 4-in. 
cube, no riser, poured from ASTM-4 alloy 
melt which had been severly gassed with 
CaH,. Large cavities formed by hydrogen 
precipitated when melt solidified are ample 
evidence of the considerable hydrogen 
solubility in magnesium melts, 
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Table 5 


REDUCTION OF MICROPOROSITY BY BUBBLING VARIOUS GASES THROUGH 
40- to 60-Ls. Metts or ASTM-4 ALLoy 


Height of Grain 


Heat Sound Metal Size, 
No. Metal Treatment in Wedge, in. in. 
80A 100 per cent scrap, melted using good practice 3 0.020 
BN; from tank bubbled through the melt 5 min. at 1400° F. 2 1/2 0.030 
96B Melt gassed with zirconium hydride 1/8 0.010 
C_ Dried N; bubbled through the melt at 1400° F. for 5 min. 3/16 0.015 
99A 100 per cent scrap 1 13/16 0.010 
B_ Dried argon bubbled through melt at 1400° F. for 5 min. 1 3/8 0.007 
106A ASTM-4 alloy without Mn 1/4 0.008 
B_ Dried helium bubbled through melt at 1400° F. for 5 min. 0 0.008 
133A 100 per cent scrap, poor fluxing practice 1/2 0.010 
0.004 
B_ Dried helium bubbled through melt at 1400° F. for 5 min. 1 1/4 {oto 
C Melt superheated, commercial practice 1/2 0.007 
84A 100 per cent i 1 3/8 0.008 
B- Cl, from tank, bubbled through melt at 1400° F. for 5 min. 2 7/8 0.006 
100B Melt gassed with NH; 1/2 0.006 
C Cl, bubbled through melt at 1300° F. for 5 min. 13/16 0.006 
115A 100 per cent new ingot, poor fluxing practice 1/8 0.010 
B_ Cl. bubbled through the melt at 1400° F. for 6 min. 1 3/4 0.005 
125A 100 per cent scrap, poor fluxing practice 0 0.007 
B_ Cl, bubbled through the melt at 1400° F. for 15 min. 3 1/2 0.006 








or by pigging the melt and then re- 
melting. The decrease in solubility 
during solidification causes the pre- 
cipitation of hydrogen in the form 
of H., which is not readily re- 
absorbed. If the conditions are such 
during the remelting operation that 
gas absorption is avoided or reduced, 
some degassing can be effected. The 
results of some laboratory tests are 
shown by the data given below in 
Table 6. 

The foregoing data indicate that, 
under these conditions of melting, 
some decrease in microporosity 
can be effected by presolidification. 
Many foundries use this method to 
degas the gassy melts sometimes en- 
countered when _ remelting poor 
quality scrap. In such instances, the 
high gas content will cause a high 
convex set on top of the risers, as 
is shown by the data on specimen 
87B of Fig. 5. 

The effects of pouring tempera- 
ture, superheating, and grain size 
on the degree of microporosity have 
been investigated in the wedge cast- 
ings and in horizontally cast plates. 
It has been found that very low 
pouring temperatures tend to accen- 
tuate microporosity, while wide vari- 
ations in the normal pouring range 
have no noticeable effect on the 
amount or distribution of this defect. 

Although the hydrogen solubility 
increases with increasing tempera- 
ture, it has been found. that the 
superheating operation does not ac- 
centuate microporosity, probably be- 


cause the melt is not disturbed or 
exposed directly to a gas source 
while at the high temperature, it be- 
ing encased in its oxide envelope. 
On the other hand, there is some 
evidence that a marked decrease in 
grain size reduces the susceptibility 
to microporosity to a slight extent. 


Mechanism of Microporosity 
Formation 

The role of gas in the formation 
of microporosity seems well estab- 
lished, particularly so since experi- 
ence has shown a similar relationship 
in other solid solution types of alloys 
of different base materials. A gen- 
eral description has been made* of 
the mechanism of the formation of 
microporosity, and the effects of (1) 
range in the temperature of solidifi- 
cation, (2) the amount of eutectic 
liquid solidifying at constant tem- 
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perature, (3) the temperature gradi- 
ents during solidification as deter- 
mined by the gating, risering, and 
chilling practice, and (4) the gas 
content of the melt. 


It seems logical that the voids of 
microporosity are initiated by the 
shrinkage or contraction of the melt 
during solidification of the latter 
portion of the liquid. These voids 
would normally be filled with liquid, 
but in the solid solution alloys, the 
mushy zone makes this difficult. If 
the melt contained no gas, the voids 
would be under a vacuum, the ab- 
solute pressure of which would be 
equal only to the vapor pressure of 
the melt at the temperature in ques- 
tion. If this were true, the voids 
would draw liquid metal into them 
as a result of the exterior atmos- 
pheric pressure. 


However, if the melt contains a 
gas in solution which is precipitated 
during solidification, as is usually the 
case, these voids are gas filled, and 
this condition prevents the entrance 
of metal into the voids. This con- 
dition is akin to that existing when 
trying to pour a liquid into a narrow 
necked bottle. Microporosity, then, 
may be regarded as being initiated 
by shrinkage, but the gas in the 
metal may prevent the resulting 
voids from being fed. 

On the basis of the foregoing re- 
marks, and on, those cited in Refer- 
ence 4, it is evident that micropor- 
osity can be reduced by effecting the 
following conditions: 

(1) Reducing the gas content of 
the melt. 

(2) Steepening the temperature 
gradients toward the risers by using 
good gating, risering, and chilling 
practice. 








Table 6 


EFFECT OF PRESOLIDIFICATION ON OCCURRENCE OF MICROPOROSITY IN THE 
WeEpcE CASTING 


Heat 
No. Metal Treatment 


76A New ingot, as melted 
B “Cleaned” with No. 310 flux 


C Solidified in the pot and remelted twice 


D_ Superheated 


77A 100 per cent scrap, as melted 
B_ Ingoted and remelted 


78A 100 per cent new ingot, as melted 
B 


Ingoted and remelted 


101A -100 per cent scrap, “cleaned” with No. 310 flux 
B_ Solidified in the pot and remelted twice 


56 Melted, solidified in the pot and remelted twice 


under a No. 230 flux 


Height of Grain 
Sound Metal Size, 


in Wedge, in. in. 
2 3/4 0.015 
2 3/8 0.010 
2 3/8 0.008 
3 1/2 0.004 
2 1/2 0.005 
2 7/8 0.008 
1 7/8 0.025 
3 0.007 
2 3/8 0.008 
2 7/8 0.012 
ees 
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Fig. 12—Radiograph of wedge casting sec- 
tion showing microporosity at the edge next 
to the green sand. This is not uncommon 
in heavy sections of magnesium alloys cast 
in green or dry sand, and probably repre- 
sents local absorption of gas generated as 
a result of initial stage of sand reaction. 


1. DeHaven, J. A. Davis anp L. W. 
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(3) Using an alloy composition 
which will be least susceptible to 
microporosity. 

Only the first of these has been 
described in this paper, the second 
encompasses the entire gating prob- 
lem, a discussion of which has not 
been attempted, while the third part 
has been covered as a part of a 
separate paper.° 

Summary 

Extensive laboratory tests checked 
by production foundry results have 
clearly shown that, all other factors 
being the same, microporosity in 
magnesium alloy castings is mark- 
edly reduced by degassing the melt 
and greatly increased by exposing 
the melt to any condition which pro- 
duces atomic hydrogen. The most 
common source of atomic hydrogen 
is moisture, and the common sources 
of moisture are listed in their prob- 
able order of decreasing importance 
as follows: 

1) In the flux 

2) Absorbed on or in chemical 
combination with the metal surface 
as part of the corrosion products. 

(3) In the surrounding atmos- 
phere, either in the products of 
combustion or naturally occurring 
in the atmosphere. 

4) In the atmosphere or in the 
sand and absorbed during the pour 
and before it solidifies in the mold. 

5) On pots and tools not thor- 
oughly preheated and which come 
in contact with the melt. 

The methods of reducing gas ab- 
sorption from some of these sources 
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during melting are described. The 
best method found for degassing and 
removing dross from the melt is by 
fluxing the melt with chlorine in- 
stead of performing the standard 
“cleaning” operation with a refining 
flux. Presolidification was also found 
to be beneficial, although slow and 
uneconomical 
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Fig. 1—Upper half of high pressure 
turbine casting. Markings indicate 
areas designated for magnetic par- 

ticle and gamma ray inspection. 


Removal 


and Repair of 


STEEL CASTING 


Defects 






By R. A. Pomfret, Materials Engineer, 
Bethlehem Steel Co., Shipbuilding Div., Quincy, Mass. 


ON-DESTRUCTIVE tests, 

in conjunction with repair 

welding of castings, have 
been in use on an increasingly large 
scale at the Quincy shipyard for the 
past 10 years. The reasons for the 
apparent misplacement of the inspec- 
tion facilities at the plant of the 
consumer rather than at that of the 
producer of the castings can be sum- 
marized as follows: 

1. Originally, radiographic tests 
were not required for all castings 
in a given service, but only for 
those castings in which major de- 
fects were discovered during ma- 
chining. Thus, the inspection fa- 
cilities were first installed at the 
plant where the castings were ma- 
chined. 

2. When general radiographic in- 

spection of castings for a given 

service was required, the exposure 
times required for gamma ray 
technique were of such length that 

a considerable time saving could 

be gained by inspecting the thin- 

ner walls of a rough machined 
casting. 

The present practice of requiring 
general radiographic or magnetic 
particle inspection for castings in 
which quality must be assured, as 
well as the use of hich voltage x-ray 
and improved gamma ray technique, 
has largely nullified the reasons for 
placing the inspection facilities at 


the plant of the consumer; and we 
now find foundries cooperating in 
the effort to produce dependable 
castings by setting up non-destructive 
testing facilities and furnishing com- 
pletely inspected and repaired cast- 
ings which can be machined and 
installed in service without difficulty. 

The increased use of these search- 
ing inspection methods naturally has 
resulted in a corresponding increase 
in the number of repair welds neces- 
sary, which is reflected in the in- 
creased cost of the finished casting. 
This cost can be reduced only by 
improving repair methods or by re- 


ducing the number of casting de- 
fects. 

Repair costs have been already 
greatly reduced by the use of flame 
gouging, in lieu of chipping, for the 
removal of defects preparatory to 
welding, and the most promising 
field for further cost reduction ap- 
pears to be in reducing the number 
of casting defects by the foundries 
These inspection methods should be 
useful tools for this purpose, if 
their results are properly interpreted 
and applied in the improvement of 
foundry technique and im recom- 
mendations for design alterations. 





* Flame-gouging and welding as means of removal and 
repair of structurally unsound areas in critical castings 
have reduced casting repair costs. The more search- 
ing inspection methods now in general use have shown 
that repair welding can be eliminated to a great extent 
by provision for sub-sectioning and weld location in the 
casting design. Flame gouging-welding techniques for 
casting repair, as well as precautions to be observed, 


are described in detail. 
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Casting Defects 


For the purposes of this discussion, 


ae 


‘defects” will be considered only as 
structurally unsound areas which 
ire required to be repaired under 
the Navy Department Radiographi 
Standards, or by similar codes. Rou- 
tine dressing of the surface for im- 
provement of appearance will not - ; ‘ or aid 
be considered. The welding tech- ig. 2—Radiograph showing shrinkage area in side wall of by-pass valve 
nique followed in the repair of cast- 


ings is discussed only insofar as it replacement turbine casting of old type. The likelihood of finding de- 

differs from normal welding. design wherein the foundryman did fects for illustration was increased 
In order to illustrate the methods not have advantage of the sub- Unf 1 Chill 

of removal and repair followed at sectioning methods now commonly _— ans 


this yard, there has been selected a used in designing castings of this 7 Phe casting selected - shown in 
Fig. 1. Radiographic inspection in- 
dicated several instances of unfused 


chills in the flanges as well as rather 





pronounced shrinkage areas in the 
wall section of the by-pass valve 
Figures 2 and 3 are typical radio- 
graphs of those sections. 

he use of internal chills in cast- 
ings of radiographic quality has been 
found to be undesirable and does 
not represent present-day practice, 
since, when they fail to fuse, the 
repair of the resultant defect may 
be more extensive than repair of the 
shrinkage which they were designed 
to avoid. 

It will be noted in Fig. 4 that all 
flanged connections on this casting 





















Fig. 4 (Above) —Mold for 
high pressure turbine casting. 
Note chill plates in flanged 
sections. This is obsolete prac- 
tice, used only for purpose of 
illustration. 


Fig. 3 (Left) — Radiograph 
showing unfused chills in heavy 
flange. 





Fig. 5 (Right)—High pressure 
turbine casting. Shaded area 
indicates location of shrinkage 
area (see Fig. 2 radiograph). 






were rather heavily chilled. In the 
case of the by-pass flange, not only 
did the chills fail to fuse but the 
shrinkage which might otherwise 
have occurred in the flange extended 
the full length of the wall section, 
as indicated by the shaded area in 
Fig. 5. 

The use of flame gouging in the 
removal of. extensive defects of- this 
type is particularly advantageous 
since the removal time usually may 
be measured in minutes, whereas 
the former method involving chip- 
ping would hours. The 
equipment in use at this plant con- 
sists of a special cutting torch with 


require 


flexible copper tubes and one of the 
bent, smaller sizes of flame-gouging 
tips, as shown in Fig. 6. 


This operation, when properly 
controlled, results in the complete 
removal of the defect, with the re- 
moval of a minimum amount of 
sound metal. The defect can be 
seen by the operator during gouging 
and, ‘herefore, it usually is possible 
to carry the operation to complete 
removal of the defect without fre- 
quent pauses for inspection. 

Figure 7 illustrates the appearance 
of a shrinkage defect as a dark spot 
in the white molten metal surround- 
ing it. Sand inclusions usually will 
appear as more highly incandescent 
areas than the surrounding molten 
metal. 


Cracks may be more difficult to 
follow during the gouging operation, 





and sometimes may travel deeper 
into the casting if they are not com- 
pletely removed before the flame- 
gouged cavity is allowed to cool. 
Shrinkage stresses in the cooling 
cavity will tend to concentrate at 
any remaining portion of the crack, 
causing it to open and extend to a 
greater depth. 


An incompletely excavated crack 


Fig. 9 (Right)—Completed excavation of 
shrinkage defect in by-pass wall. 


Fig. 6 (Left) —Use of stand- 

ard cutting torch with 

flame-gouging tip in exca- 
vation of unfused chills. 


Fig. 7—Close-up view of 
flame - gouging operation 
showing appearance of de- 
fect as molten metal is 
washed across it. 


usually can be seen if the cavity is 
examined immediately after goug- 
ing is stopped, when it will be visible 
in the cooling cavity. When these 
cracks are present, gouging should 
be resumed immediately in order to 
complete their removal before cool- 
ing has progressed sufficiently to set 
up stresses. 
Flame-Gouging 

The selection of flame-gouging 
operators is important, an essential 
requirenrent being that they be suffi- 
ciently familiar with the subsequent 


Fig. 8 (Left) —Flame-gouging shrinkage area 
in by-pass wall. Arrow indicates part of 
defect in molten stream. 








a ete . 


* tree 





Bl a aaa ce aaa a 





$ 
: % 
+ 


R. A. PoMFRET 


welding operations to shape the ex- 
cavation to a form best suited for 
welding. In fact, the most efficient 
flame gougers at this plant are the 
welders themselves. 

Flame gouging of the shrinkage 
defect (Fig. 2) is shown in Fig. 8. 
Since a completely sound repair can 
be assured only when the weld is 
laid on a sound base metal, it is 
necessary that the defect be removed 
completely. This usually is checked 
by magnetic particle inspection after 
excavation, particularly when the 
defect involved is a crack or tear. 
In this case, the excavation com- 
pletely penetrated the wall of the 
casting, as shown in Fig. 9. 


Welding Methods 

After the flame-gouged cavity was 
cleaned of scale and sharp corners 
by peening and chipping, a back-up 
plate was tack welded to the inner 
wall of the casting, covering that 
portion of the cavity which pene- 
trated the wall. The casting was 
then turned on its side, placing the 
cavity in position for flat welding 
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which permits a high quality weld 
at the maximum rate of deposition 

The weld was then made by start- 
ing at the bottom of the cavity, lay- 
ing beads in a spiral fashion and 
working up the sides, as shown in 
Fig. 10. Each subsequent layer was 
deposited in a similar manner, as 
shown in Fig. 11, and in the se- 
quence sketch, Fig. 12. 

This type of procedure generally 
is used for welding larger holes in 
rigid sections in order to prevent 
welding stresses from building up 
and cracking the casting. By this 
method, the opposite sides of the 
cavity are not tied together until 
much of the weld shrinkage has al- 
ready occurred. 

The foregoing method is not nec- 
essarily followed near edges, or where 
the casting is less rigid, as in un- 
supported curved sections. A much 
faster method, which consists of a 


Fig. 10 (Top)—View of casting in position 
for welding and sequence of applying initial 
beads, on side walls of cavity. Fig. |! 
(Bottom)—Partially completed weld show- 
ing additional layers on sides of cavities. 
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Fig. 12 (Below)—Sequence of bead deposition followed for 
welding cavities in heavy rigid sections. Fig. 13 (Right)— 
Sequence of depositing woven or puddled layers in welding 
non-rigid sections where casting is free to contract. 











/ Under Weld , 
{ A 4 4 4 4 rw ,—_— 

















W/8" Min Thickness 





























194 STEEL CastTinc DeEFEcTs 


technique then could be used for the 
remainder of the weld. 

Another combination of the two 
methods sometimes is used in the 
filling of a wide cavity when the 
weld is puddled only part way across ‘ 
the cavity, leaving one side free to 
contract, and then the final closing 
section is made by the _ beading 
method. 

Block Welding 

When the excavation of a defect 
produces a cavity of extended length, 
similar to a groove, it may be de- 
sirable to make the repair as a series 
of blocks rather than as a continu- 
ous weld. The transverse weld shown | 
in Fig. 14 probably would have 
caused considerable bowing of the 
horizontal joint of the casting had 
it been made as a continuous weld. 





Fig. 14—Transverse defect of extended length welded in blocks in order to prevent 
distortion. Order of welding blocks was 2-1-3. 


puddling or weaving technique, may 


be used. 





In this method, the beads are 
woven to a width of approximately 
1'4 in. maximum and are built up 
in horizontal layers from the bottom 
of the cavity, as indicated in Fig. 15. 
It should be pointed out that care 
must be used in the application of 





this method because of the higher 
welding stress involved } 
It sometimes may be desirable to t 
use a combination of the two meth- I 
ods. For example, in a moderately t 
rigid section, where the cavity is of 
such depth that less than % in. of ( 
sound metal remains, the beading 
technique would be used _ initially, Fig. 15—Repair of unfused chills in flange. Note that distortion is controlled by main- 7 
carrying the beads only part way up taining approximate balance of welding stresses. The three welds already completed 
the sides of the rity. The puddling are nearly evenly spaced at about 120°, and the two welds in process are 180° apart. V 
Cavity. e€ pudding Side retainer plates are placed to permit use of the puddling method. i 
t 


However, the shrinkage stresses of 
block No. 2, which was made first, } 
were not sufficient to overcome the 
rigidity of the remaining sound por- 
tions of the casting, and this block 
produced additional rigidity to re- q 
sist distortion when blocks Nos. | and 
} were added. 

This principle of selected place- 
ment of welds is followed through- 
out the repair of the casting as a 
whole. When defects are numerous 
and extensive, indiscriminate exca- 
vation and welding could result in 
an unacceptable amount of distor- 
tion. 





Therefore, excavations are planned 


Fig. 16—Single piece steam strainer and valve casting. Excavations indicate location me ; 
so that a minimum weakening ol 


of tears. Shrinkage also was found under cast-on brackets. 
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Fig. 17—Steam strainer and valve assembly made in three separate castings, with 
welded-on brackets and bosses. 


the surrounding casting structure is 
caused, and defects in the metal ad- 
jacent to a cavity may not be exca- 
vated until the initial cavity has 
been welded. This principle is illus- 
trated in the flange repair shown in 
Fig. 15. However, on rough flanges, 
these precautions normally would 
not be necessary. 
Casting De s1gn 

Che problem of weld location and 
sequence may be greatly simplified 
when the welds are incorporated 
into the design by sub-sectioning a 
complicated single-piece casting into 
two or more simpler castings. By the 
judicious use of welding in this way, 
repair welding can be eliminated 
to a great extent. However, effec- 
tive application of this method re- 
quires closest cooperation between 


the foundry and the casting design 
agent 

In the single-piece casting shown 
in Fig. 16, difficulty was experienced 
with tears at the corners of the 
square pipe sections joining the 
center body with the two valve 
bodies on either side, as well as with 
shrinkage under the cast-on brack- 
ets. After discussion of these defects 
with foundry personnel, the design 
of subsequent castings of this type 
was changed to call for three sepa- 
rate body castings, with all brackets 
and bosses also cast separately. 


The welding of these cast parts 
was comparatively simple and the 
need for unscheduled major repair 
welds was entirely eliminated. This 
welded assembly is shown in Fig. 17. 


With regard to heat treatment, it 


195 


is usual practice to employ a fairly 
generous preheat over the area af- 
fected by the weld when welding 
heavy sections. For carbon steel 
castings this will range from 100 to 
300° F., the higher temperature be- 
ing used for the thickest or most 
rigid sections. Excessive preheat for 
carbon steel should be avoided, since 
it ‘has been found that an interpass 
temperature of above 600° F. may 
bring about a tendency toward 
porosity in the weld 


Carbon-molybdenum steel usually 
is preheated in the range of 300 to 
600° F. Heat treatment after com- 
pletion of repair welds usually con- 
sists of an all-over stress relief anneal 
at a temperature of 1150 to 1250° F 
although some classification societies 
still require full annealing or nor- 
malizing and drawing 


Summary 


Summarizing the points to be 
considered in planning the repair 
ol castings, excavations should be 
planned to keep distortion from 
subsequent welding to a minimum 
Individual defects should be exca- 
vated completely before welding is 
started, since unsound base metal 
may develop cracks in the repair 


weld. 


In welding heavy, rigid sections 
the use of preheat and the “bead- 
ing” technique will aid in avoiding 
cracks or distortion due to excessive 
shrinkage. Major repairs in general 
should be stress relieved by heating 
the casting to 1150 to 1250° F. in a 
furnace 
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LIME AND DOLOMITE FLUXES 
On Cupola Irons and Cupola Operation 


OLOMITE has been recom- 
mended in reports of Reese* 
and Dierker* as a cupola 

flux, lower viscosity for the magnesia- 
bearing slags being claimed. Mc- 
Caffery and co-workers* published 
data showing a marked decrease in 
viscosity of three component, syn- 
thetic slags (Al,O;, SiO,, CaO) 
produced by the introduction of 
magnesia in amounts of 5 to 20 
per cent. 

The viscosity of the magnesia 
slags was found to be less sensitive 
to changes in composition with re- 
spect to total base content than the 
corresponding plain lime slags. Field 
and Royster* showed a reduction in 
biast furnace slag viscosity with an 
increase in magnesia content from 
1.5 to 7.5 per cent, the sum of the 
CaO and MgO being kept constant 
at 45.67 per cent. 

Dierker® has presented some data 
indicating a 50 per cent decrease in 
sulphur pick-up by cupola cast iron 
when dolomite was substituted for 
limestone, and? has stated that the 
composition of the slag has an effect 
on the physical properties of the 
metal. McCaffery and co-workers® 
have claimed lower sulphur pig and 
smoother operation for blast fur- 


@ This report describes experi- 
ments performed to determine 
the effect of substituting dolo- 
mite for limestone as a cu _ 
flux. Data are a = 
show the effect of the slags sa 
the sulphur, carbon, silicon, phos- 
phorus ond manganese contents 
of the irons, and on their physi- 
cal properties. 


By C. C. Sigerfoos and 
H. L. Womochel, 
Engineering Experiment Station, 
Michigan State College, 
East Lansing, Mich. 


naces adding dolomite flux in 
amounts calculated to change the 
mineral make-up of the slag in the 
furnace. 

John W. Bolton in his book, “Gray 
Cast Iron,” makes the foilowing 
statement: “General opinion is that 
dolomite limestones are somewhat 
more powerful in their fluxing ac- 
tion, but in slags less absorbent to- 





This paper was secured as part of the 
1945 “Year-Round Foundry Congress” 
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ward sulphur than straight calciun 
limestones.” 

A cupola lined to an inside diam- 
eter of 24 in. and equipped with a 
constant weight blower was em.- 
ployed. The general procedure was 
to run heats in pairs, the members 
of each pair being the same with 
respect to charge, bed height, blast, 
etc., but differing in the flux em- 
ployed, one heat being fluxed with 
lime and the other with dolomite. 

Melting data are presented in 
Table 1. Each heat consisted of 12 
charges. The first charge was all 
scrap. The remaining 11 charges 
were of steel, returns, and pig in the 
proportions given in the table. 

Nine taps were made during each 
heat. The first tap, the all-scrap 
charge, was pigged. The remaining 
eight taps were designated alpha- 
betically. For example, 6B indicates 
tap B (the third tap) from the sixth 
heat. 

Three extra charges were made 
in each heat to prevent irregularities 
in blast and pressure during the last 
taps, the metal being recovered from 
the drop. In addition, extra coke 
charges were made after the last 
metal charge had descended the 
cupola stack. Coke for the bed was 





Heat 
1. 
2. 
3. 
4. 
§. 
6. 
; 
8. 
3. 
‘0. 
11. 
12. Dolomite 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 


Table 1 
SuMMARY OF MELTING DaTA 
Steel, Pig, Returns, Coke, Flux, 
lb. Ib. lb. lb. Ib. 
47 135 118 37 if 
47 135 118 37 11 
32 165 103 43 11 
32 165 103 43 11 
40 152 108 43 11 
40 152 108 43 11 
40 150 110 43 11 
40 150 110 43 11 
40 135 125 43 11 
40 135 125 43 11 
50 142 110 60 11 
50 142 110 60 11 
44 112 146 43 11 
44 112 146 43 11 
45 110 155 43 11 
45 110 155 43 11 
35 190 73 43 12 
35 190 73 43 12 
25 145 130 43 12 
25 145 130 43 12 


Bed, Blast, Air, Average 


in. oz. lb. / min. Temp., °F 
40 9.2 62.5 2708 
40 8.8 62.5 2722 
42 10.3 65.0 2746 
42 9.7 65.0 2729 
43 9.4 65.0 2704 
43 9.0 65.0 2688 
43 11.1 62.5 2675 
43 10.1 62.5 2700 
40 8.6 57.0 2745 
40 8.4 57.0 2717 
42 8.2 60.0 2800 
42 8.8 60.0 2759 
42 62.5 2766 
42 7.0 62.5 2748 
42 5.7 63.0 2759 
42 6.5 63.0 2774 
43 8.5 60.0 2680 
43 8.5 60.0 2680 
40 8.4 60.0 2712 
40 8.6 60.0 2703 
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Table 2 
CHEMICAL ANALYSIS OF FLUXES 





———Component, per cent 

SiO; CaO MgO RO; s 
Lime 1.00 53.3 1.23 0.60 0.025 
Dolomite 0.32 29.2 20.4 0.22 0.027 





added and allowed to burn to red- 
ness. The bed height was adjusted 
by a small coke addition. A double 
charge of flux was added on the top 
of the bed. 

The components of each metal 
charge were carefully weighed and 
added in the following order: steel, 
pig, returns. The steel was struc- 
tural, cut into small pieces not ex- 
ceeding % in. in thickness. Smail 
pigs from two lots of iron were used. 
The pigs were broken into pieces 
weighing approximately 20 Ib. Re- 
turns from each previous pair of 
heats were broken up and distributed 
as uniformly as possible in order to 
prevent variations in the chemical 
analysis of the charges of any one 
pair of heats. 

Two-inch coke was used in all 
heats in the proportions indicated in 
the table. Coke from more than one 
lot was employed, but the coke in 
one pair of heats was of the same 
lot in all cases. 

The blast was controlled with a 
constant weight blower. The air in 
lb. per min. is given in the table. 
The blast pressures are averages of 
wind box pressure readings taken 
during the heat. 

Reference to Table 1 shows con- 
siderable variation in blast pressure 
between pairs of heats. This is at- 
tributed to variation in the nature 
of the coke and metal charges, at- 
mosphere changes, etc. Conditions 
were kept constant for the members 
of each pair in order to eliminate 
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these various factors as variables. 

Temperature readings were taken 
at the spout with an optical pyrom- 
eter. The values in Table 1 are 
average values for the taps of each 
heat. Practically all temperature 
readings were in the range of 2,800 
to 2,650° F. 

Chemical analysis of the lime and 
dolomite employed are given in 
Table 2. The flux was added on top 
of each coke charge. 


Two Series Run 

Two series of heats were run. The 
first series, consisting of eight pairs 
or 16 heats, was made with the slag 
hole open, slagging the furnace just 
prior to each tap. This series con- 
sists of all heats up to and including 
no. 16. 

The second series, of four heats, 





Table 4 


INFLUENCE OF LIME AND DOLOMITE 

FLUXES ON SULPHUR CONTENT OF 

Cupora Irons. Serres 2 Cupoia 
Nor SLacGeED. 


Heats 17 and 18 Heats 19 and 20 
Tap Lime Dolomite Lime Dolomite 
Be teenies .098 .083 lll 113 
| .066 .085 .094 
eer .066 .084 .085 
ay .065 .075 .081 .080 
ee .068 .069 .079 .082 
.072 .069 .076 .079 
.067 .068 .077 .084 
ee 066 .069 .081 .074 


Average .072 .071 .084 .086 





Table 5 
ANALYSIS OF SLAGS. 


Per Cent ~ 


Heat SiOs FeO MgO CaO 
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was run with the slag hole closed, 
allowing the slag to accumulate dur- 
ing the entire heat. The purpose of 
these heats was to determine the 
relative desuiphurizing power of 
lime and dolomite slags when a 
heavy layer of slag was present in 
the cupola. 

A complete chemical analysis of 





Table 6 


CHEMICAL ANALYsIs OF HEATsS 
1 AND 2 By Tap. 








Tap Cc Si Mn P s 
——————-Per Cent 

Heat 1—Limestone 

A 3.58 2.02 0.54 0.28 0.100 
B 3.55 2.05 0.59 0.27 0.090 
Cc 3.48 2.05 0.60 0.33 0.089 
D 3.37 2.00 0.63 0.34 0.084 
E . 3.38 1.98 0.61 0.35 0.086 
F . 3.38 1.96 0.60 0.32 0.086 
G . 3.33 1.90 0.71 0.31 0.082 
H 3.38 1.90 0.58 0.30 0.078 
Average 3.43 1.98 0.61 0.31 0.087 
Heat 2—Dolomite 

| . 3.60 1.96 0.53 0.32 0112 
Oe Sad 3.50 2.05 0.59 0.29 0.092 
Cc . 343 2.06 0.62 0.33 0.089 
D .. 3.31 2.02 0.61 0.29 0.090 
E . 3.31 1.97 0.61 0.81 0.087 
i. . 3.35 1.96 0.62 0.33 0,086 
G . 3.31 1.86 0.64 0.31 0.087 
H .......... 3.26 1.87 0.61 0.380 0.087 
Average 3.38 1.97 0.60 0.31 0.091 





all the taps of a number of heats 
from series 1 was made. Three trans- 
verse test bars and a chill test wedge 
were poured from each tap of these 
heats. All taps of all the heats were 
completely analyzed for sulphur by 
the evolution method. 

The cupola lining was restored to 
24 in. after each heat, using a plastic 
mixture of 2 parts sand and one 
part fire clay. 

Table 3 gives the results of sul- 
phur determinations for the first 
series; Table 4, the results for the 





D..c0ce Qe 2.38 1.92 31.11 

a> * aan 3.00 14.10 20.21 

9 .. 44.24 2.90 1.38 31.85 

10. .. 42.56 2.92 11.70 18.82 

17..... 42.86 3.94 1.67 35.00 

18...... 42.02 3.22 14.60 22.80 
Table 3 


INFLUENCE OF Lime AND Do.omirte FLuxes on SuLPHUR CoNTENT oF Cupola IRONS. 


Heats 1 Heats 3 
Tap 

L D L D 
| aS 100 .112 093 .099 
_ SL nS. 090 .092 .085 .097 
| 089 .089 092 .090 
aon 084 .090 087 .089 
| SEN RS 086 .087 082 .090 
EE 086 .086 078 .089 
_ Se ee 082 .087 079 .085 
en 078 .087 079 .081 





Cupo.a SLAGGED INTERMITTENTLY. 


Heats § Heats 4 Heats FS 
L D L D L D 


105 .113 101 .107 107 .124 
093 .102 088 .088 101.118 
091 .094 089 .085 091 .108 
085 .093 087 .084 093 .103 
079 .085 081 .080 093 .100 
083 .078 079 .084 094 .098 
082 .078 080 .084 089 .102 
073 .079 076 .087 093 .098 


-106 





Heats Il Heats 13 
2 4 
L D L D L D 


124 = .117 119 = .113 15) .121 
106 .112 15.119 -112 .108 
098 .102 124 .116 109 .114 
089 .102 116 121 108 111 
090 .101 113.117 109 .113 
096 .105 110.112 112 .108 
091 .100 114 .118 110 .108 
100 .108 114 = =.117 107.107 


106 116 .117 
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Table 7 
CHEMICAL ANALYSIS OF HEatTs 3 AND 4 By TAP. 
———_—Heat 3—Limestone—-———- ——— Heat +—Dolomite ——~ 
Tap Cc Si n P s ¢ Si n P 
A 3.52 2.07 0.59 0.29 0.093 3.64 2.13 0.59 0.29 0.099 
B 3.60 2.14 0.62 0.31 0.085 360 2.14 0.61 0.30 0.097 
CS 3.58 2.04 0.61 0.31 0.092 3.54 2.10 0.61 0.29 0.090 
D 3.54 2.04 0.62 0.31 0.087 3.53 2.12 0.65 0.29 0.089 
E 3.52 2.06 0.64 0.31 0.082 3.34 2.11 0.62 0.31 0.090 
F 3.53 2.09 0.64 0.31 0.078 3.51 2.16 0.63 0.31 0.089 
i... 3.50 2.07 0.65 0.31 0.079 3.48 2.10 0.63 0.32 0.085 
H 3.49 2.05 0.64 0.31 0.079 3.50 2.18 0.63 0.32 0.081 
Average 3.53 2.07 0.63 0.31 0.084 3.54 2.13 0.62 0.30 0.090 
Table 8 
CHEMICAL ANALYSIS OF Heats 5 AND 6 By Tap. 
————H eat 5-—Limestone— —_—__—_—Heat 6—Dolomite————_ 
Tap C Si n P Ss Cc Si n P Ss 
A 3.60 2.09 0.56 0.34 0.105 3.49 2.13 0.59 0.34 0.113 
Set se 3.52 2.10 0.58 0.32 0.093 3.50 2.16 0.60 0.33 0.102 
a 3.56 2.08 0.58 0.33 0.091 3.51 2.14 0.60 0.32 0.094 
>. 3.50 2.09 0.61 0.33 0.085 346 2.07 0.59 0.33 0.093 
E 3.53 2.12 0.61 0.32 0.079 3.51 2.12 0.61 0.34 0.085 
- 3.51 2.08 0.61 0.32 0.083 3.53 2.13 0.59 0.31 0.078 
G. 3.52 2.09 0.58 0.32 0.082 3.46 2.15 0.63 0.35 0.078 
3.52 2.03 0.60 0.33 0.073 3.42 2.15 0.63 0.34 0.079 
Average 3.53 2.09 0.59 0.33 0.086 3.48 2.13 0.61 0.33 0.090 
Table 9 
CHEMICAL ANALYSIS OF HEaTs 7 AND 8 By Tap. 
_ Hect 7—Limestone— — —-- Heat 8—Dolomite———— 
Tap C Si n P AY Cc Si {n KY 
A 3.46 2.09 0.57 0.34 0.101 3.42 2.11 0.57 0.34 0.107 
es 3.47 2.05 0.57 0.33 0.088 3.42 2.14 0.61 0.33 0.088 
Cc 3.41 2.15 0.59 0.33 0.089 3.44 2.15 0.60 0.35 0.085 
D 3.39 2.11 0.60 0.35 0.087 3.40 2.16 0.60 0.35 0.084 
E 3.40 2.12 0.59 0.33 0.081 3.36 2.06 0.59 0.34 0.080 
Se: 3.29 2.23 0.62 0.34 0.079 3.33 2.06 0.59 0.34 0.084 
G. seccesescerse «end oes «CS. Os Giee 3.34 2.08 0.59 0.32 0.084 
AR RS ae tLe 3.28 2.11 0.60 0.35 0.076 3.29 2.14 0.60 0.33 0.087 
Average 3.38 2.13 0.59 0.34 0.098 3.38 2.11 0.59 0.34 0.100 
Table 10 
CHEMICAL ANALYSIS OF HEats 9 anp |O By Tap. 
Heat 9—Limastone ——_———Heat 1U—Dolomite 
Tap C Si Mn P Ss Si n P Ss 
 . 3.39 2.02 0.54 0.37 0.107 3.40 2.06 0.53 0.37 0.124 
ee 3.48 2.06 0.57 0.36 0.101 3.39 2.10 0.56 0.35 0.118 
P<, adiccise 3.36 2.10 0.59 0.36 0.091 3.33 2.11 0.57 0.36 0.108 
. 3.33 2.00 0.58 0.38 0.093 3.37 2.09 0.55 0.35 0.103 
EB. 3.36 2.01 0.59 0.38 0.093 3.32 2.10 0.57 0.38 0.100 
mh 3.32 1.90 0.57 0.37 0.094 3.35 2.07 0.57 0.38 0.098 
G. 3.41 2.06 0.60 0.36 0.089 3.37 2.03 0.56 0.36 0.102 
SSeS 3.39 2.01 0.58 0.38 0.093 3.38 2.06 0.55 0.40 0.098 
Average 3.38 2.02 0.58 0.37 0.095 3.37 2.08 0.57 0.37 0.106 
Table 11 
CHEMICAL ANALYSIS OF Heats 11 ANnp 12 By Tap. 
Heat 11—Limestone ————Heat ]2—Dolomite 
Tap Cc ‘ Mn P Cc Si Mn P Ss 
A 3.53 2.02 0.52 0.31 0.124 3.53 2.19 0.57 0.32 0.117 
= 3.46 2.09 0.60 0.32 0.106 3.46 2.20 0.61 0.32 0.112 
C 3.47 2.14 0.62 0.32 0.098 3.43 2.19 0.62 0.32 0.102 
3.45 2.14 0.63 0.32 0.089 3.40 2.18 0.63 0.32 0.102 
RY es 3.40 1.96 0.62 0.31 0.090 3.42 2.19 0.63 0.31 0.101 
nee: ae 3.39 2.13 0.61 0.30 0.105 
GB ...nhdcw. S4F 25 Cle Bae Ga 3.43 2.14 0.62 0.32. 0.100 
CARES Pree 3.34 2.07 0.61 0.31 0.100 3.40 2.01 0.58 0.31 - 0.108 
Average............ 3.43 2.08 0.61 0.32 0.099 3.43 2.15 0.61 0.32 0.106 








LIME AND DoLomiIrTE FLux: 


second series. The figures are th: 
average of two determinations. The: 
data indicate that the limestone j 
not inferior to dolomite in de 
sulphurizing ability. In those case 
where an appreciable difference ap 
pears in the average sulphur content 
for the heat, the limestone heats have 
the lowest sulphur irons. Of the 64 
pairs of irons of series one, 48 (75 
per cent) show higher sulphurs in 
the dolomite heats. 

A number of slags were analyzed 
for CaO, MgO, FeO, and SiO, con- 
tents. Results are presented in Table 
5. The magnesia contents of the 
dolomite slags are in the range 
which should produce a slag of low 
viscosity relative to the plain lime 
slag. The data indicate slags within 
the composition limits recommended 
for good cupola practice. 


Slag Analysis 

The figure for iron oxide is for 
total iron reported as ferrous oxide. 
Slag samples were collected just be- 
fore tap “E” in the case of those 
heats which were slagged intermit- 
tently. The slags as collected in a 
half-inch layer in an iron pot were 
dark green with brownish colored 
streaks. 

No difference in the appearance 
of the lime slags as compared with 
the dolomite slags could be detected. 
All slags showed some tendency to 
wool at the slag hole. 

No variation in the viscosity of 
the lime and dolomite slags was ap- 
parent as judged by the flow from 
the slag hole. Examination of cupola 
lining disclosed no correlation be- 
tween lining condition and the type 
of flux used. 

Tables 6 to 11 give the complete 
analysis of all heats from 1 to 12. 
The average values for all the taps 
of each heat are presented in Table 
12. No effect of the fluxes on car- 
bon, manganese, phosphorus and 
silicon contents can be established 
from these data, with the possible 
exception of a tendency for the sili- 
con loss to run slightly higher in the 
heats where limestone was used. 

Test bars were selected from cor- 
responding taps of each pair of heats 
where the analysis of the two taps 
were in close agreement. Results, 
with the silicon and carbon contents 
of the irons, are in Table 13. Trans- 
verse strengths are the average of 
three 1.2-in. standard transverse bar 


results. 
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— Limes 

Cc S: Mn 

3.43 1.98 0.61 

3.53 9.07 0.63 

3.53 909 0.59 

7 3.38 2.13 0.59 
} 3.38 2.02 0.58 
l 5.45 2.08 0.61 





AVERAGE CHEMICAI 


Table 12 





tone —— —————— 

P § Heat 
0.31 0.087 2 
0.31 0.084 4 
0.33 0.086 6 
0.34 0.098 8 
0.37 0.095 10 
0.32 0.099 1? 





Limestone 


Tensile Transve 


Stre ngth, Strength 

Iron ( St pst. pst 
D 3.37 2.00 35.640 2,287 
iF 3.38 1.96 35,170 2,363 
iB 3.60 2.14 26,980 1,946 
5D 3.50 2.09 32,410 2,246 
5E $53 2.12 30,290 2,164 
7A 3.64 2.09 29,490 2,076 
7C 3.41 2.15 33,000 2,265 
7H 3.28 2.11 34,270 2,367 
yA 3.39 2.02 27,830 2,215 
IC 3.36 2.10 33,350 2,395 
IG 3.41 2.06 34,200 2,444 


SUMMARY OF 


Table 13 





RESULTS ON PHYSICAI 





Deflection, Chill, 

im BHN in. Iron ( St 
0.270 910 0.55 2D 3.31 2.02 
0.290 217 0.47 2F 3.35 1.96 
0.272 192 Defec 1B 3.60 2.14 
0.294 197 0.28 6D 3.46 2.07 
0.299 187 0.30 6E 3.51 2.12 
0.303 186 0.28 8A 3.42 2.11 
0.295 191 0.32 8C 3.44 2.15 
0.286 197 0.28 8H 3.29 2.14 
0.333 185 0.22 10A 3.40 2.06 
0.320 195 0.30 10C 3.388 241 
0.309 203 0.28 10G 3.37 2.03 





ANALYSIS BY HEarT. 





TESTS BY 












Dolomite 

CG Si Mn P Ss 

3.38 1.97 0.60 0.31 0.09! 
3.54 2.13 0.62 0.30 0.090 
3.48 2.13 0.61 0.33 0.090 
3.38 2.11 0.59 0.34 0.100 
3.37 2.08 0.57 0.37 0.106 
3.43 2.15 0.61 0.32 0.106 






Tap 


D mile 

Tensile Transverse 

Strength Strength Deflection, Chill, 
pst ps im BHN in 


35,040 2.403 0.280 207 0.50 
36,470 2,454 0.302 211 0.50 
25.050 1,806 0.273 181 Defec 
31,400 2.2292 0.300 199 0.28 
32,150 2,231 0.279 195 0.33 
32,150 2,199 0.271 192 0.32 
32,830 2,228 0.269 194 0.28 
33,400 2,331 0.282 196 0.32 
32,840 2,377 0.267 195 0.22 
36,290 2,552 0.318 202 0.30 
34.700 2,532 0.303 210 0.25 








The bars were poured in oil sand 
cores coated with a non-carbona- 
wash. Brinell readings were 
taken on sections from the transverse 
Tensile specimens were ma- 
chined from the transverse pieces. 
Che tensile results are based on one 
bar. The chill test employed was a 
small wedge poured in a core sand 
mold. 

Sections for 
the microscope were prepared from 
the bars of Table 13. No relation 
between flux and the microstructure 
of the irons was found. 


eous 


bars. 


examination under 


Discussion and Conclusions 

The following conclusions apply 
when dolomite is substituted for 
limestone on a lb. for Ib. basis in 
amounts which are recommended 
for good cupola practice, and which 
produce slags within the composi- 
tion limits recommended in the lit- 
erature for satisfactory operation of 
the cupola: 





1. The substitution of dolomite 
for limestone in amounts of about 
+ per cent of the metal charge re- 
sults in no advantage as far as re- 
duction of sulphur content of the 
iron is concerned. A total of 20 
heats were run in pairs, one member 
of the pair under dolomite and the 
other under limestone. In those cases 
where an appreciable difference was 
found in the average sulphur con- 
tent for the heat, the limestone heats 
had the lower sulphur irons. 

2. The substitution of dolomite 
for limestone does not change the 
carbon, phosphorus or manganese 
contents of the iron. The possibility 
of a slightly greater silicon loss for 
the limestone heats is indicated. 

3. The physical properties and 
the microstructures of the irons are 
not influenced by changing from 
limestone to dolomite. 


+. The use of dolomite in place 
of limestone does not improve the 


operation of the cupola as far as 
slagging or lining attack is 
cerned. 


con- 
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Table 1 
PuysIcAL PROPERTIES OF UNBONDED Basis SANDS 
Basis Sands —, 

















(1) (2) (3) 
Ottawa Missouri Missouri Miseeeri u®,; 
Physical Properties Crude Wet (Y) Crude Wet (O) Crude Dry (O) Crude Dry (G) Crude Dry (M) 
Moisture, per cent 3.2 3.0 3.0 3.2 3.0 
Green Permeability ; 280 190 190 110 140 é 
Green Compression Strength, psi. 0.7 0.7 0.5 1.0 1.0 
Required for 2-in. Cyl., grams 176 168 166 172 160 
Required for 1¥%-in. Cyl., grams 53 48.2 51 51.5 48.7 | 
Hot Strength at 2500° F., psi. 2.5 4 1 3.5 4 

Hot Deformation at 2500° F., in./in. 0.0125 0.055 Very High 0.050 0.040 
Total Expansion, 0.001 in./in. 0.015 0.01675 0.0148 0.01475 0.01475 ¢ 
Total Contraction, 0.001 in./in. 0.008 0.01525 0.0148 0.01475 0.01475 P 
(3 min. 45 sec. ) (7 min. 40 sec. ) (10 min. ) : 
‘ 
: 
peratures ) 
l 
By L. A. Kleber and H. W. Meyer, 
General Steel Castings Corp. (Commonwealth Plant), Granite City, ll. . 
” THE foundry with which the for the daily use of 1200 to 1400 dilatometer is used principally for : 
authors are associated, five differ- tons of new and reclaimed sand. At investigative purposes, although ex- : 
ent basis sands are used in mold the present time, all mold and core pansion, contraction, deformation 
and core mixtures for the produc- facing mixtures are made with new shock and hot strength determina- . 
tion of carbon steel railroad special- sand only. tions are made and _ periodically > 
ties such as locomotive beds, tender The routine check and recording checked for each standard mold “ 
beds and frames, water bottoms, of mixtures includes moisture con- core and backing sand mixture. . 

Pullman trucks, engine trucks, tent, green and baked dry perme- Since the dilatometer is a rela- 

cradles and other auxiliaries. Cer- abilities, green and dry compression tively new tool in foundry use 
- 


strength and tensile strength. A 


(about 2% years in this foundry) 


tain heavy army ordnance castings 
in alloy steel are currently produced ; 
also, heavy maritime castings. 
Weights of individual castings run 
from a few hundred Ib. to 120,000 
lb., with a majority of the castings 
weighing above 15,000 Ib. 

The use of a particular basis sand 
is dictated by economy, availability, 
method of molding, kind and size 
of casting and the sectional thick- 
nesses involved. In a specific mold 
or core mixture no more than two 
basis sands are employed. 

A well-equipped sand testing labo- 
ratory, operated 24 hrs. daily, 
checks and records a_ substantial 
number of the mold and core facing 
sand mixtures, and a lesser number 
of the mold and core backing sand 
mixtures which, together, account 


. OTTAWA CRUDE WET 
. MISSOURI CRUDE WET 
. MISSOURI CRUDE ORY 
. MISSOURI CRUDE DRY 


» MISSOURI CRUDE DRY 


EXPANSION - CONTRACTION 0.001 im. / 1M, 
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Fig. |—Expansion-contraction curves for unbonded basis sands. These tests were made 
at a temperature of 2500° F. 
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nd, since it opened up a new field 

observation, the authors have 
hosen to employ it in exploring 
his new field rather than to con- 
ne its use to routine checks. 

The results of the initial work 
ith the dilatometer were compared 
ith published data and, on this 
isis, a number of the sand mix- 
tures used were found to be faulty 
n that spalling, shelling or cracking 


* Physical properties of bonded 
and unbonded molding sands at 
elevated temperatures have 
been extensively investigated 
by the authors and are present- 
ed comparatively in tabular and 
graphic form. The paper was 
secured as part of the 1945 
“Year-"Round Foundry Con- 
gress" and is sponsored by the 
Steel Division of A.F.A. 


occurred under shock testing (in- 
troducing a specimen 2-in. long by 
|¥g-in. diameter at room tempera- 
ture to a 2500° F. atmosphere for 
a period of about 3 min.). 


In the standard green sand mix- 
ture, one of the basis sands used is 
an Ottawa grade with an A.F.A. 
Fineness No. of 44 to 48 and a 
natural clay content of 2 to 3 per 
cent. Using this for experimenta- 
tion, it was found that additions of 


201 






































-022 T T De 
a ) ames ae | | 1. OTTawa cauote wt Cr) 
e . 2 missoUR! CRUDE WET (0) —_—_—_- 
ee . % \ 3. MISSOUR! CRUDE DRY (0) seereressserseses 
- ” : a ~ \ 4 MISSOURI CRUDE DRY (G) —_ = — =~ 
~ ee 4 % ’ 5. MISSOURI CRUDE DRY cm) en 
z | 1% | > on — ae 
= | iN . | 
.016 x ——— — + + > — 
3 bag] | ee i 
> .014 all | 
1 + - + —+ —__+—— +4 
° i 
» mI I. Rk. | SSE So —l eS 
° \ a ~~ 
B oss aes ba WES SS PONS BR ee 
e se NS 
Vv s ‘ ~~ | 
ce ‘% — 
010 a —_ = —— m~—. t + + 
z + . 
°o “ 
Y .008H—+— + —_— SE eee + + + + Jn = 4 
- i otis 7 ae ae »-or ore eee ee “ 
© .006 ; > > + + +-—-——+ 4 
; re es 
2 | 
a 004h— adem + ——+— —_+— +— + + + + . 
ro | | 
.002F— kine. Po ae —— a | T + > + = 
000 lL L | ee 1 
i 2 3 a 5 6 7 6 9 10 i 12 
Time MINUTES 


Fig. 2—Expansion-contraction curves showing effect of one per cent 


bentonite addition 


to basis sands. Test temperature—2500° 


ratio of two parts bentonite to one 
part cereal resulted in a specimen 
having no visible defects from shock 
testing at 2500° F. for 3 min. 
Changing only the basis sand to 
a crude Missouri grade with an 
A.F.A. Fineness No. of 50 to 54 and 
an A.F.A. clay content of 0.5 to 
1.0 per cent, resulted in a specimen 
which, on shock testing, shelled and 
cracked badly. Altering the binder 
content to a ratio of three parts of 
bentonite to one of cereal eliminated 
the shelling on shock testing. A 
further adjustment in the binder 
ratio of four parts of bentonite to 
ene of cereal produced a specimen 
which, on shock testing, did not 


defect as did other test specimens. 

These results led to a broader in- 
vestigation of all basis sands used. 
Selected samples of each were tested 
in a variety of ways with the re- 
sults as shown in the following 
tables, graphs and photomicrographs 
(Tables 1-7 and Figs. 1-7). 


Procedure 


Since previous tests taken from 
numbers of cars arriving at the 
plant, particularly Missouri sands, 
disclosed variations in sand charac- 
teristics, the authors selected for the 
basis of this investigation a 1000-lb. 
sample from a single car, for each 
of the sands tested. The five sam- 











bentonite and cereal to obtain a shell, crack or show any visible ples of sand selected had been found 
Table 2 
PruysIcaL Properties oF Basts SANDS BONDED WITH ONE PER CENT oF BENTONITE 
~_———— Basis Sands ———-——- ——___—____— a 
(1) (2) . (3) (4) | (5) . 
Ottawa Missouri Missouri Missouri Missouri 
Properties Crude Wet (Y) Crude Wet (O) Crude Dry (O) Crude Dry (G) Crude Dry (M) 
Moisture, per cent 3.0 3.0 3.0 3.0 3.2 
Green Permeability 210 180 190 100 120 
Green Compression Strength, psi 2.8 1.7 1.5 2.6 1.8 
Increase, per cent 300.0 142.8 200.0 160.0 80.0 
Required for 2-in. Cyl., grams 175 166 168 171 163 
Required for 1¥%-in. Cyl., grams 53 51.6 51.6 52.5 50.6 
Hot Strength at 2500° F., psi. 6 6 6 7 11-12 
Hot Deformation at 2500° F., in./in. 0.020 Very High Very High Very High 0.035 
Total Expansion, 0.001 in./in. 0.01975 0.020 .020 0.0215 0.020 
Total Contraction, 0.001 in./in. 0.00625 0.0105 0.0135 0.00875 0.008 
(1) (2) (3) (4) (5) 























Prope rties 

Moisture, per cent 
Green Permeability 
Green Compression Strength, psi 

Increase, per cent 
Required for 2-in. Cyl., grams 
Required for 1%-in. Cyl., grams 
Hot Strength at 2500° F., psi. 
Hot Deforination at 2500° F., 
Total Expansion, © 001 in./in 
Total Contraction, 0.091 in./in 


in./in 





(4) 


(2) (3) 
Table 3 
—__—__— —_——— Basis Sands 
(1) (2) (3) 
Ottawa Missouri Missouri 
Crude Wet (Y) Crude Wet (O) Crude Dry (O) 
3.0 3.0 3.4 
199 150 150 
2.5 1.6 1.6 
257.0 128.6 220.0 
175 169 170 
53 50.9 52 
1% 3 2 
0 910 0.0425 0.030 
p12 0.01525 0.0135 
0.008 0.01525 0.0135 
(8 min. 15 sec.) (3 min. 57 sec.) 





(5) 


PuysicaAL PROPERTIES OF Basis SANDS BONDED witH ONE PER CENT oF CEREAL BINDER 


(4) - (5) 
Missouri Missouri 
Crude Dry (G) Crude Dry (M) 
3.0 3.4 
120 110 
2.1 1.6 
110.0 60.0 
172 167 
51.0 49.8 
3Y/,-4 5Y/_-6 
0.055 0.055 
0.017 0.01625 
0.017 0.01075 
(7 min. 30 sec. 





to give a representative average 
shock test result for that sand. 

All green sand testing was done 
in conformity with the standard 
American Foundrymen’s Association 
testing procedure. 

Unbonded basis sands were not 
milled in the laboratory muller type 
mill. Tempering to desired moisture 
was done by hand mixing in a large 
mixing bowl. This was to insure 
the minimum amount of segregation 
and loss of clay substance in un- 
bonded sands. Basis sands, to which 
binders and other mixture ingre- 
dients were added, were mixed one 
min. dry in a muller type laboratory 
mill, after which the predetermined 
amount of water was added and the 
mixture mulled 4 min. 

Dilatometer test specimens 
dried for one hour at 200 to 
F. and stored in desiccators 
time of testing. 


were 
220° 


until 


Deformation Tests 


Shock tests were made by expos- 
ing test specimens at a temperature 
of 2500° F. for 3 min. 

Hot strength and deformation 
tests were made by determining the 
compression strength in psi. after 12 
min. soaking at 2500° F. 

Expansion and contraction values 
were obtained at a temperature of 
2500° F., recording them at 15-sec. 
intervals for the first 2 min. and 
every 30 sec. thereafter for a total 
testing time of 12 min. Contraction 


values were not recorded after test 
specimens had contracted to their 
original length in less than the 12 
min. testing time. 

The data as presented are an in 
formative story of the physical char- 
acteristics of the five unbonded basis 
sands and the resulting change in 
physical characteristics when ven- 
tonite, cereal binder and other mix- 
ture ingredients were introduced to 
these sands. Values given were ob- 
tained by repeated tests, and the 
authors now accept them as giving 
a definite pattern of results, indica- 
tive of what one would expect, and 
(when applied) applicable to other 
mixture compositions in which these 
five sands may become a part. The 
discussion of data will be confined 
mostly to clarification of those 


values which the authors found did 
not conform to previously accepted 
ideas. 


Cooling Methods 


A brief consideration of the cool- 
ing methods employed by the Mis- 
sour! sand producers in producing 
the three dry sands is important, for 
it has been found that they may 
greatly change the physical char- 
acteristics of a sand. Missouri crude 
dry sands (O) and (M) are cooled 
using coils of cool water and forced 
draft. Missouri crude dry sand (G 
is cooled under normal atmospheri 
conditions and time. 

Crude wet sand (O) and crude 
dry sand (O) are mined not more 
than 1000 ft. apart. An investiga- 
tion of the two sands has shown 
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Fig. 3—Expansion-contraction curves showing effect of one per cent cereal binder on 
basis sands. Test Temperature—2500° F. 
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iat these sands give 
lentical test results throughout the 
arious production steps, up to the 
peration where forced draft is em- 
loyed to cool the sand. 

When crude dry sand (O) was 
ermitted to under atmos- 
heric conditions, the sand test 
haracteristics did not change; how- 
ver, a change in test results did 
ccur when the sand was cooled by 
orced draft. The use of forced 
raft has resulted in the removal of 
fine natural clay substance and other 
fine particles, producing a cleaner 
ind, which is not necessarily a de- 
irable condition from the authors’ 
oint of view, as a study of the data 
will show. 

1.F.A. Fineness Nos. 

The A.F.A. Fineness Nos. and 
permeability values of Missouri 

crude dry sand (O) and (M) are 
not in the proper relationship with 
the three other sands comprising this 
report. It has been found that a 
greater amount of bonding material 
is required to give proper working 
strength, and that the bentonite to 
cereal ratio also must be increased 
to insure suitable specimen charac- 
teristics at elevated teraperatures. 

A moisture content of 3.0 to 4.0 
per cent in tempered molding sand 
has proved to give the best casting 
results at this plant. For this rea- 
son it was decided to study basis 
sands and sand mixture character- 
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cool 
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Fig. 4—Expansion-contraction curves showing influence of various additions on basis 


sands. 


cumulated it was found that a large 
majority of tests were being made 
with sands and sand mixtures in a 
narrower moisture range, 3.0 to 3.6 
per cent. It was then decided that 
for the entire study the moisture 
range be 3.0 to 3.6 per cent, and for 
indiviudal groups to have even less 
variation. This should practically 
eliminate moisture as a variable in 
influencing any sand mixture char- 
acteristic. 
From the 
green permeability values for un- 
bonded basis sands, Ottawa crude 
wet sand (Y), Missouri crude wet 


screen analysis and 


Additions introduced in consecutive steps. 


Test temperature—2500° F. 


and fineness number relation which 
one would expect; that is, having 


decreasing permeability values as 
the fineness number of the sand in- 
creases. Missouri crude dry sands 
O) and (M) are contrary in this 
respect. Crude dry sand (M) has 
the highest fineness number, but the 
permeability is always greater than 
the permeability of dry sand (G) 
which has a lower fineness number 

The reason for this irregularity in 
permeability values is due to the 
elimination of clay substance in 
cooling of sand after drying. This 
condition was described in the fore- 
























istics within this same moisture sand (O) and Missouri crude dry going paragraphs of this paper. 
range. However, as data were ac- sand (G), we find a permeability The green compression strength as 
(7) 
Table 4 
EFFECT OF VARIOUS ADDITIONS ON Basis SAND PROPERTIES 
——_—— ——— —_—_—_—_——- Sand Mixtures - —_—— 
(1) (2) (3) (4) (5) (6) (7) 
50% Missouri 50-50 Blend 
Crude Dry (O), 50-50 Blend 5 0% Silica 
Ottawa Crude Missouri Crude 50% Ottawa 50-50 Blend 5.0% Silica 0.6% Cereal 
Wet (Y), Dry (O), Crude Wet (Y), 50-50 Blend 5.0% Silica 0.6% Cereal 0.8% Glutrin 
Properties Unbonded Unbonded Unbonded 5.0% Silica 0.6% Cereal 08% Glutrin 2.4% Bentonite 
Moisture, per cent 3.2 3.0 3.2 3.4 3.4 3.2 34 
Green Permeability 280 190 250 160 140 130 130 
Green Compression Strength, psi. 0.7 0.5 0.5 1.1 1.6 1.5 5.5 
Required for 2-in. Cyl., grams 176 166 173 175 176 175 174 
Required for 1¥-in. Cyl., grams 53 51 52.2 55.5 53.2 52.7 52.3 
Hot Strength at 2500° F., psi. 2-3 1 3-4 30 22. 22.5 16 
Hot Defor. at 2500° F., in./in. 0.0125 High 0.015 0.025-0.030 0.030 0.030 0.020 
Max. Expansion, 0.000 in./in. 0.015 0147 0.01675 0.0185 0.0175 0.020 0.02125 
Max. Contraction, 0.000 in./in 0.008 0.01475 0.00825 0.0055 0.00575 0.00975 0.00325 


(1) 





(3min. 45 sec. ) 


(4) 
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PHYSICAL PROPERTIES OF IDENTICAL MIXTURE 


(4) 


Table 5 


Sand Mixtures 





(1) 
50% Ottawa 


Crude Wet (Y) 


issourt 


Crude Dry (O) 
5.0% Silica Flour 
0.6% Cereal Binder 


0.8% Glutrin 
2.4% Bentonite 
3.4 
130 
5.5 


Properties 
Moisture, per cent 
Green Permeability 
Green Compression Strength, psi. 
Required for 2-in. Cyl., grams 
Required for 1%-in. Cyl., grams 
Hot Strength at 2500° F., psi. 16 
Hot Deformation at 2500° F., in./in. 
Total Expansion, 0.001 in./in. 
Total Contraction, 0.001 in./in. 


(2) {3 


Ottawa Crude Missonri Crude 
Wet (¥) Wet (O) 

5.0% Silica Flour 5.0% Silica Flour 

0.6% Cereal Binder 0.6% Cereal Binder 

0.8% Glutrin 0.8% Glutrin 

2.4% Bentonite 2.4% Bentonite 


(5) 


INGREDIENTS WITH DIFFERENT BAsiIs SANDS 





Missouri Crude 
Oo 


ry (O) 
5.0% Silica Flour 
0.6% Cereal Binder 
0.8% Glutrin 
2.4% Bentonite 


(5) (6) 


Missouri Crude 


ry (M) 
5.0% Silica Flour 
0.6% Cereal Binder 
0.8% Glutrin 
2.4% Bentonite 


Missouri Crude 


ry ( 
5.0% Silica Flour 
0.6% Cereal Binder 
0.8% Glutrin 
2.4% Bentonite 


3.4 3.6 3.6 3.6 3.6 
180 i20 130 100 90 
6.3 5.0 4.0 5.3 5.1 
175 170 171 174 165 
52.5 51.5 51.6 52.7 49.5 
8-9 15 13-14 10-11 15 
0.020 0.030 0.020 0.030 0.0275 
0.02175 0.02225 0.0215 0.0215 0.021 
0.0055 0.00875 0.0065 0.007 0.0055 





found in unbonded basis sands was 
obtained from the natural clay bond 
present in the sand and the shape 
of sand grains. Natural clay bond 
in Ottawa crude wet sand (Y) is 
the contributing factor in producing 
green compression strength. 

The Missouri sands are low in 
natural clay bond, and the green 
compression strength must be ob- 
tained from the predominating sub- 
angular shaped grains, which on be- 
ing rammed become interlocking. 

On examination of the photo- 
micrographs, one can readily see the 
rounded surfaces and clay coating 
of Ottawa sand grains, while the 
Missouri sand grains are predomi- 
nantly clear crystals with little stain. 
Sharp edges on the grain surfaces 
are also very noticeable (Table 7). 


Green Compression Strength 


Referring to Table 6, mention is 
made of the fact that washed and 
unbonded test specimens collapsed 
before testing. To further substan- 
tiate the previous statements regard- 
ing natural clay bond and shape of 
grain as contributing to green com- 
pression strength, the following ob- 
servations made while collecting 
data for Table 6 should be related. 

Test specimens of washed and un- 
bonded crude Ottawa sand (Y) 
with 3 per cent moisture content 
would fall apart when stripped from 
the cylinder in which the specimen 


was rammed, the sand grains rang- 
ing from round to subangular. 
Rammed specimens of washed and 
unbonded Missouri sand when 
stripped from the cylinder would 
stand until drying started. This was 
only possible due to interlocking 
subangular shaped grains. The green 
compression strength could not be 
obtained due to the fact that the 
specimens fell apart when taken 
from the cylinder. 

The green compression strength 
resulting from the addition of one 
per cent of bentonite or cereal 
binder is shown in Tables 2 and 3. 
This increase in green compression 
strength may be shown also as the 


percentage of strength increase. 
Grams of Sand Required for 2x2-In. 
and 1'%gx2-In. Test Specimens 

It is interesting to note that the 
amount of sand required to produce 
proper size test specimens was less 
when the basis sand was a Missouri 
sand. Also, there was considerable 
variation in the density relation be- 
tween 2 in. and 1% in. diameter 
test specimens. Through the entire 
investigation, which consisted of 
numerous confirming tests, it was 
found that the number of grams re- 
quired to produce proper specimen 
size was uniformly consistent with 
Ottawa sand as the basis sand. This 
was not true with Missouri sands. 
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Fig. 5—Expansion-contraction curves showing effect of identical mixture additions with 
different basis sands. Additions are: Silica flour—5.0 per cent, cereal binder—0.6 per 
cent, glutrin—0.8 per cent, bentonite—2.4 per cent. Test temperature—2500° F. 
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Properties 


Table 6 


PuysIcAL Properties OF Crupe Basis SANDS AND OF WASHED Basis SANDS 


REBONDED WITH 0.5% 


“QM 


Ottawa Crude 
Wet Sand (Y) 


Moisture, per cent $.2 
Green Permeability 280 
Green Compression Strength, psi. 0.7 
Required for 2-in. Cyl., grams 176 
Required for 1%-in. Cyl., grams 53 
Hot Strength at 2500° F., psi. 2-3 
Hot Deformation at 2500° F., in./in. 0.0125 
Maximum Expansion, 0.001 in./in. 0.015 
Maximum Contraction, 0.001 in./in 0.0085 


Note: 


mR 


" 


se 


eT 


- 


aw ts or 


bi: till. 


2) 
Ottawa Crude 
Washed Sand (Y), 
Rebonded 0.5% 
Bentonite 
3.2 
260 
0.8 
172 
51.1 
2 
0.0125 
0.0175 
0.00425 


Washed and unbonded test specimens collapse before tested. 


(3) 
Ottawa Crude 
Washed Sand (Y 


Rebonded 1.0% , 


Bentonite 
3.0 
250 
1.3 
170 
51.0 
2 
0.0135 
0.018 
0.005 


AND 1.0% 
Sand 


BENTONITE 


Mixtures ————— 


(4) 


Missouri Crude 
Wet Sand (O) 
3.0 
190 
0.7 
168 
48.2 


4 
0.055 
0.01675 
0.01525 


(5) 
Missouri Crude 


Washed Sand (O), 


Rebonded 0.5% 
Bentonite 
3.2 
190 
0.8 
167 
50 
2-3 
0.0075 
0.01825 
0.0055 


905 


(6) 
Missouri Crude 
Washed Sand (O), 
Rebonded 1.0% 
Bentonite 
3.0 
18 
1 6 
164 
49.5 
2-3 
0.0175 
0.01975 
0.00625 





o. 
20 
30 
40 
50 
70 

100 
140 
200 
270 
Pan 


A.F.A, Fineness No. 


(1) 
Ottawa Crude 
Wet Sand (Y) 


PM Ome oe Oss; 
mm WD 


$ 


Table 7 
ScREEN ANALYsIS OF Basis SANDS 


(2) 
Missourt Crude 
Wet Sand (O) 

0 

1.0 


—_—_———_—— Retained on Screen, 


Missouri Crude 
Dry Sand (O) 


ea -St TT) 


SAMBO AMOnNNr 


> wr 


uw 
POOwWS 


per cont —— 


(4) 
Missouri Crude 
Dry Sand (G) 


Missouri Crude 
Dry Sand (M) 
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Fig. 6—Expansion-contraction curves of Ottawa crude wet sand (Y) and washed Ottawa 
crude sand (Y) rebonded with 0.5 per cent and 1.0 per cent of bentonite. Unbonded 
washed sand test specimens collapse on drying. Test temperature—2500° F. 
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Fig. 7—Expansion-contraction curves of Missouri crude wet sand (O) and washed Mis- 
souri crude wet sand (O) rebonded with 0.5 per cent and 1.0 per cent of bentonite. 
Unbonded washed sand test specimens collapse on drying. Test temperature—2500° F. 


The shape of the sand grains and 
their distribution is a contributing 
cause for this variation. The photo- 
micrographs of the five basis sands 
(Table 7) show that the Missouri 
sands are subangular to angular, 
with many angular or elongated 
grains with sharp edges predominat- 
ing. This angularity of grain shapes 
greatly retards the flowability or 
ramability of the sand. 


Shape of Grains 

The Ottawa sand grains, as the 
picture shows, are round to sub- 
angular, with no sharp edges on the 
grains, a factor necessary for high 
flowability. The absence of fine 
material in a basis sand may also 
affect the number of grams of sand 
required for proper size test speci- 


mens. 
Comparison of the total influence 


that bentonite and cereal binder 
have on the hot strength of un- 
bonded basis sands cannot be deter- 
mined from the data. Unbonded 
basis sands were tempered by hand. 
To measure the total influence that 
these binders have on the _ basis 
sands, it would have been necessary 
to mull each of the unbonded sands 
in the laboratory mill for the same 
period of time that the sand mix- 
tures were mixed and _ tempered. 
Mulling brings about a certain 
amount of sand grain breakdown, 
introducing a slight silica flour ef- 
fect, which will increase the hot 
strength. With this exception the 
data do show that bentonite will in- 
crease hot strength, while cereal 
binder will reduce it. 

The accuracy of the readings in 
this test is doubtful, in the opinion 
of the writers. That is why, on sev- 
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eral occasions, when the values wer 
more than 0.055 in./in., 
description as “very high” was used 
instead of numerical values. 

Total Expansion and Total Contra: 
tion at 2500° F. 

The total influence that addition 
of bentonite and cereal have on the 
expansion and contraction charac- 
teristics of basis sands cannot be 
Pioneers 


a writter 


determined from the data. 
in sand testing at elevated temper- 
atures early discovered that cereal 
binders decreased the rate and 
amount of expansion and increased 
the rate of collapse. 

Comparing the dilation curves of 
Figs. 1 and 3, we find that the rate 
of expansion was retarded, as one 
would expect. However, not in every 
case was the total expansion re- 
duced; neither was the total con- 
traction or rate of collapsibility in- 
creased. Ottawa crude wet sand 
(Y) and Missouri crude wet sand 
(O) follow the pattern that one 
would expect. The Missouri crude 
dry sands (G), (M) and (O) have 
not followed this pattern completely 

As previously stated, when discus- 
sing hot strength characteristics, the 
same influence that was brought 
about by mulling in mixing and 
tempering of basis sands to which 
binders or mixture ingredients were 
added, also affects the expansion 
and contraction characteristics. 

As an added thought, segregation 
of sand grains, permitting an ac- 
cumulation of more than average 
amount of “fines” for that particular 
basis sand, also may have the same 
influence on sand _ characteristics. 
These influences may be small and 
not noticeable in green or dry sand 
testing, but their influence is very 
noticeable in testing at elevated tem- 
peratures. 


Conclusions 

The data presented indicate that 
similar sand mixture bonding in- 
gredients, of like proportions and 
used with different basis sands, are 
apt to produce widely different re- 
sults at elevated temperatures. 

The sand mixtures productive of 
the best elevated temperature shock 
test results and the cleanest casting 
had high expansion-low contraction 
characteristics. 

The use of bentonite reduced con- 
traction in all of the sand mixtures 
tested; it likewise contributed most 
to the reduction or elimination of 
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helling, spalling and cracking in the 
ind mixtures tested. 


Some basis sands require larger 
mounts of bentonite than others t 
roduce equal results. 


Missouri sands with bentonite-to- 
ereal ratios capable of producing 
best elevated temperature test re- 
ults had relatively low flowability 

The influence of any mixture in- 
sredient may vary with the kinds 


of basis sands used 


Laboratory observations in ele- 
vated temperature testing were 
found to reasonably parallel casting 
results. The use of sand mixtures 
which showed poorly under labora- 
tory test always resulted in the cast- 
ings having one or a number of the 
Cefects attributable to molding sand. 
and usually to the degree observed 
in laboratory tests of the sand mix- 
tures at elevated temperatures 
Room temperature tests are of 
chief importance in the control of 
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molding sand requirements up to the 
time of pouring. Tests at elevated 
temperatures are indicators of oc- 
currences when metal enters and fills 
the mold 
The best 
from a sand mixture with propor- 


casting results obtain 
tions of bonding materials adjusted 
to suit the characteristics of the basis 
sand used. Under varying conditions 


and requirements of casting produc- 


tion, the selection of different basis 


sands may be advisable 











Welding Methods 
for 
GRAY IRON CASTINGS 


By L. F. Granger, 
The Linde Air Products Co., New York 


ELDING of gray iron cast- 

ings is not a new Operation 

to the foundryman; this 
process has been used for more than 
25 years in the gray iron foundry, 
for filling blowholes and building up 
undersized areas, and for the repair 
of castings broken in handling (Figs. 
1 and 2). In fact, many large 
foundries have set up welding de- 
partments especially for doing this 
work. 

In some instances the welding 
process is used for remodeling large, 
expensive castings when, as a result 
of changes in design, it is necessary 
to add members to the casting or to 
build up certain sections to provide 
additional strength. 


Two Methods Available 

The welding of cast iron is by 
no means confined to the foundry. 
In fact, this process is used through- 
out industry for repair and main- 
tenance work. As practiced in the 
iron foundry, however, cast iron 
welding is done with a cast iron rod 
that will give a weld of about the 
same composition as the parent 
metal, and for this reason the found- 
ryman may lose sight of the fact that 
two methods for welding cast iron 
are available, namely, the fusion 
method and the bronze method. 


This paper will describe these 
methods briefly and explain the 
factors determining which method 
should be selected for a particular 
application. No attempt will be 
made to go into the details of the 
procedure for either method. 

In the fusion welding method, a 
weld is made by melting the edges 
of cast iron pieces and filling the 
“V” with additional molten metal 
from a cast iron welding rod. Found- 
rymen are familiar with this method 
since it is used for depositing molten 
metal from a cast iron rod in a 
blowhole or other casting opening. 

Bronze welding is a method of 
welding ferrous and non-ferrous 
metals with a bronze rod, rather 


*Two methods of welding are 
available to the gray iron found- 
ryman—fusion welding and 
bronze welding. Joint prepara- 
tion and cooling procedures are 
common to both methods. Each 
method has its advantages for 
particular applications, the 
choice of method depending 
upon proper evaluation of the 
various factors involved—chemi- 
cal composition of the cast iron 
—service for which the part is 
intended—size of the part—sub- 
sequent finishing operations — 
cost of the welding operation. 


than with a rod of the same com- 
position as the parent metal. When 
cast iron is bronze welded, the base 
metal never actually is melted (Fig 
3). It is merely brought to a tem- 
perature high enough to cause the 
bronze to flow onto the surface of 
the base metal and bond with it. 

This paper will not attempt to tell 
how each of these welding methods 
should be applied, but a brief out- 
line of the procedures involved will 
serve to show the differences be- 
tween the two methods. 


An outline of the steps in the 
procedures for each method is identi- 
cal, namely, joint preparation, pre- 
heating, welding, and cooling. The 
two methods differ markedly, how- 


Fig. |1—(Above) Sink hole, 3-in. dee 
8x40 in. corliss engine valve casting. F 
—(Left) Defect was built up with 3! 
of cast iron rod. After machining, the 
ing will be as good as new. 
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Fig. 3—When the cast iron frame of this 

aper cutoff machine was broken by an 

ndustrial truck, it was repaired in place by 
bronze welding. 


ver, as regards preheating and weld- 

ing. The differences in preheating 
requirements are a direct result of 
the differences in welding methods, 
which will therefore be repeated. 

In the welding of cast iron with 
a cast iron rod, which is a true fu- 
sion method, the prepared edges of 
the parts to be joined must be heated 
to the melting temperature, and 
molten metal from the rod is then 
deposited in the “V” while its edges 
are in a molten condition. 

In contrast to this, the base metal 
is not melted in bronze welding, but 
is merely brought to a temperature 
of between 1600 and 1700°F., or 
well below the melting point of cast 
iron. At this temperature, the 
bronze from the welding rod bonds 
with the surface of the base metal, 
forming a strong, ductile joining. 


Considerably more heat is re- 
quired to bring the edges of a break 
in an iron casting to the molten 
state (2050 to 2200°F.) required 
for fusion welding. Highly localized 
heat in areas not free to expand and 
contract is quite likely to produce 
excessive stresses in the work. For 
this reason, the general rule for fu- 
sion welding cast iron is that the en- 
tire casting should be preheated 
Fig. 4) to a faint red (900 to 
1050° F.) before welding. This pre- 
vents localized expansion and con- 
traction stresses that might otherwise 
be sufficient to distort or crack the 
relatively brittle metal. 

When a cast iron part is to be 
bronze welded, the casting should 
only be preheated to a black heat 
800 to 900° F.) and often only in 
the vicinity of the break. The rea- 
son that local preheating is sufficient 





is that expansion and contraction 
stresses are greatly reduced because 
of the lower temperatures used in 
bronze welding, and because of the 
greater ductility of the weld metal. 


Procedures Common to 
Both Methods 

Whether a part is to be bronze 
welded or fusion welded, the joint 
preparation is usually the same (Fig. 
5). The edges to be welded are 
beveled to form a 90° “V,” with a 
hammer and cold chisel or on a 
grinding wheel. Both methods em- 
ploy specially prepared fluxes to aid 
in controlling oxides formed during 
the welding operation. 

The cooling procedure is likewise 
the same for both methods. The 
important factor is to protect the 
welded part from drafts during the 
cooling process; this is usually done 





Fig. 4—Simple preheating furnaces for cast 

iron parts can be made from fire brick. 

The part should be supported on bricks 

above the bed of charcoal to assure uni- 
form heating. 


by burying small parts in dry sand, 
slaked lime, dry asbestos cement or 
some other insulating medium, or 
by covering large parts with asbestos 
paper. 

The choice between these two 
welding methods for a particular 
job depends on the chemistry of the 
cast iron to be welded, the service 
for which the part is intended, and 
the evaluation of other factors that 
influence the cost of doing the work 
and the results expected (Fig. 6). 
A listing of the advantages of each 
method will serve to show the 


Fig. 6—Cast iron sprocket on the conveyor 

for a paper rewinder was broken into sev- 

eral pieces when the slats hung up. It was 
quickly repaired by bronze welding. 
































Fig. 5—This cast iron cylinder for a hoisting 
engine in a coal mine, of |6-in. diameter 
and l-in. thickness, froze and cracked in 


cold weather. Sixteen pounds of bronze 
rod were used in repairing it. 


factors in the selection of a method. 


Advantages of Fusion Welding 

For all practical purposes, fusion 
welding is a recasting of the part 
being welded. The weld metal has 
the same color, the same composi- 
tion, and the same structure as the 
parent metal (Fig. 7). The machin- 
ing characteristics of a fusion weld 
are the same as those of the original 
cast iron throughout the weld zone 

Cast iron welding rod is 
siderably lower in cost than bronze 
welding rod. 
the surface to be welded is not as 


con- 


Absolute cleanliness of 











Fig. 7—The 4!/2-ft. bull gear for a veneer 
lathe was repaired by a combination of 
fusion welding and bronze welding. Two 
teeth at the 2 o'clock position were rebuilt 
with cast ‘iron rod; the crack at the || 
o'clock position was bronze welded. 


essential in fusion welding as it is 
in bronze welding. 

The preheating and postheating 
of the entire part relieves locked-up 
stresses throughout, and often leaves 
the casting in better than original 
condition 

As has been brought out before, 
local preheating is usually sufficient 
for bronze welding. This advantage 
frequently makes it possible to make 
a repair in place by bronze welding, 
whereas it would be necessary to dis- 
mantle the machinery in order to 
make the same repair by fusion weld- 
ing (Figs. 8 and 9). 

The fact that bronze welding re- 
quires less heat than fusion welding 
naturally increases the speed of the 
joining, which, in turn, results in a 
decrease in time and gas consump- 

Savings in 
somewhat the 


tion for a given job 
time and gas offset 
higher cost of the bronze rod. 

The use of less heat also has othe 
advantages, such as saving in the 
time required for the part to cool 
and less distortion of the part during 
the welding operation. Heat-treated 
unaffected by 
the low at which the 
bronze is deposited. The relatively 
high ductility of bronze weld metal 
permits of a yielding under 
reasonably low stresses, even at ordi- 
nary temperature, which acts to take 
up any slight readjustment in 
stresses during service. 


surfaces are usually 


temperature 


slow 


The ease with which the welding 
operation can be performed is of 
little importance in choosing be- 
tween the two methods since a skilled 
operator can handle either method 
with equal ease. In actual practice 
the welding operator may simply 
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choose one method or the other ac- 


cording to his familiarity with it. 
without considering other factors 
Likewise the of strength 
need not be considered when the 
parts are to operate at service tem- 
900° F., since 


welds as 


matter 


peratures of under 
both methods produce 
strong or stronger than the parent 


metal. Bronze loses strength at tem- 
peratures much above 500° F., and 
is therefore not feasible for parts 


which are to be raised subsequently 


to higher temperatures, either in 


service or during treatment (Figs. 
10 and 11 
Entirely apart from the relative 


advantages of the two methods, one 
method or the other may be prefer- 
able for the job at hand because of 
the nature of the part or its intended 
use. For example, malleablized cast- 
ings should always be bronze welded, 
and such white iron castings as 
might have to be reclaimed before 
heat treatment for conversion to 
malleable iron should always be fu- 
sion welded. 

Also, fusion welding is the only 
satisfactory method of repairing 
“poisoned” castings such as machine 
parts that have become oil soaked in 
service, or castings that have been 
exposed to heat, such as boiler sec- 
tions and grate bars (Fig. 12). 

Fusion welding is naturally the 
preferred method for reclaiming de- 


Fig. 8—(Right) The broken block for a 
220-hp. diesel engine. Fig. 9—(Below) The 
block after it was bronze welded, using 175 
lb. of bronze rod. Fusion welding would 

have been impractical for this repair. 
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fective gray iron castings in th: 
foundry, since the properties of th: 
weld metal must match those of th 
base metal. The fusion method ; 
also desirable where the casting is 
to be machined, tapped, or threaded 
in the weld zone (Fig. 13); wher 
uniformity of rate of expansion and 
contraction throughout the casting 
is desirable; and where the casting 
is to be enameled or glass coated 
Although it might seem preferabk 
to use the bronze welding method in 
order to eliminate the need for pre- 
heating the entire part, careful con- 
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Figs. 10 and 11—Cast iron fusion welding 

was the method selected to repair this ash- 

pit door for a large heating boiler (shown 

here before and after) because of the high 

temperatures to which the casting is ex- 

posed. Four different breaks can be seen 
in the upper illustration. 


sideration should be given to the 
factors just mentioned to determine 
if any of them make it imperative to 
use the fushion method. 


Bronze Weld Metallurgy 


Foundrymen familiar with fusion 
welding may wonder how a process 
such as bronze welding, in which 
actual fusion does not take place, 
an produce a strong joint. The 
basis for the bronze-welding process 
is that both brass and bronze will 
flow onto the properly prepared sur- 
faces of higher-melting-point metals 
1 alloys to give a bond or molecular 
inion which has excellent properties. 

Although the base metal is never 
actually melted in bronze welding, 
the unique characteristics of the 
bond between the bronze rod metal 
ind the base metal are such that the 
results obtained are fully compa- 
rable to those obtained through fu- 
ion welding. 

Bronze welding depends for its 
uccess upon conditions which will 
use the molten rod metal of low 
surface tension to flow easily and 
evenly over the surface of the 


properly heated and chemically 
cleaned base metal just as water 
flows over a clean glass plate. 

This spreading of molten metal 
from a bronze welding rod over a 
base material which is in a proper 
condition is known as the “tinning” 


Fig. 12—Broken grate bars and other furnace and stove parts can be 
repaired by cast iron fusion welding. 






of the base metal with the bronze 


When the base metal is allowed to 
cool so that the bronze solidifies, this 
tinning action results in an extremely 
strong bond between the bronze and 
the base metal. 

In addition to the tinning action 





Fig. 13—This cast iron steady rest for a lathe was restored by fusion welding 
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a slight interalloying of the con- 
stituents of the bronze and of the 
base metal will occur in a narrow 
zone at the interface of the bronze 
and base metal. This is apparently 
a slight reaction, not observable ex- 
cept under a microscope. 

There also seems to be some evi- 
dence that the action of the molten 
bronze opens up the grain structure 
of the base metal to a certain ex- 
tent and allows the bronze to pene- 
trate along the grain boundaries. 
With cast iron as a base metal, it 
appears that during welding the 
bronze flows in to occupy the space 
left by the oxidation of some of the 
graphite flakes. 


A description of the various types 
of cast iron is not within the scope 
of this paper. However, it is de- 
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sirable to stress the necessity of de- 
termining what type of cast iron is 
to be worked on, since this may in- 
fluence the selection of the welding 
method. A spark test, study of a 
freshly fractured piece, or observa- 
tion of the action of the metal un- 
der the blowpipe flame are methods 
commonly used by welding operators 
to identify the type of cast iron. 

In conclusion, it should be stated 
that there is no single standard 
method for welding cast iron. The 
decision to fusion weld or bronze 
weld a given cast iron part should 
be based on a consideration of a 
number of factors, including the fol- 
lowing: (1) The type of cast iron. 
(2) The service conditions, includ- 
ing temperatures. (3) Subsequent 
finishing operations such as machin- 


ing, painting, or enameling. 
The size of the part to be weld 
(5) Available preheating faciliti 
(6) The operator’s familiarity wi 
one method or the other. 

Whichever method is preferred 
an individual operator, the fact that 
two methods are available and that 
a judicious combining of the tw 
methods can produce substantia! 
economies in the repair and reclama- 
tion of iron castings should be kept 
in mind. 
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Sand Cast 


COPPER-TIN- 
LEAD-ZINC 
ALLOYS 


* Mechanical property deter- 
minations on a series of sand- 
cast copper-base alloys—calcu- 
lated effects of composition 
changes—are presented graph- 
ically and in tabular form. 


By W. T. Battis, 
Central Res. Lab., American Smelting 
& Refining Co., Barber, N. J. 


INCE practically all of the 

copper-base alloys in common 
use for sand castings are included 
in the quaternary system copper-tin- 
lead-zinc, it was believed that a sur- 
vey of the properties of the alloys 
in this system might be helpful in 
reducing the number of alloys and 
would, also, provide some basis for 
composition limits in setting up 
specifications. 

The literature contains only a 
few references on cast alloys, and 
the values reported, especially per 
cent elongation, are generally so 
much lower than those found in this 
investigation that it is believed that 
the casting techniques differed too 
much to allow comparison. 

The more recent papers on sand 
casting alloys' do not cover changes 
in composition as much as different 
methods of casting, and where 
methods similar to those described 
here were used, the results compare 
very well for the few compositions 
reported. 


Experimental Method 

Clean muffied rifle shells were 
melted in a No. 45 clay graphite 
crucible, using a forced-draft coke- 
fired pit furnace. Clean, bright cop- 
per wire was then added, followed 
where necessary by electrolytic zinc 
and electrolytic tin. No charcoal, 
fluxes nor phosphorus were used. 


Upon the attainment of proper 
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pouring temperature, two molds 
were poured (lead-free). One per 
cent of chemical lead was then 


added to the balance of the metal 
in the crucible, the melt reheated 
to proper pouring temperature, and 
two more molds cast. The lead con- 
tent of the remainder of the metal 
was then raised to 5 per cent and 
the metal reheated and cast. This 
was repeated for 10 per cent lead 
and 20 per cent lead contents. 

The pouring temperature was 
measured with a chromel alumel 
closed-end thermocouple and a port- 
able potentiometer, and was prede- 
termined by adding 150° F. (+ 
20° F.) to the liquidus temperature 
of each alloy as taken from the liter- 
ature.” * 


The test bar casting was of the 
standard Webbert type with a 5/16 
in. fin feeding the whole length of 
the test bar. It was cast vertically 
(test bar directly below the riser) 
through a one-inch diameter sprue 
on top of the riser, the metal drop- 
ping from the ladle directly into the 
bottom of a mold of baked core 
sand. The castings were shaken out 
of the mold in from 30 to 45 min. 
and allowed to air cool to room tem- 
perature. 


It was found to be impossible to 
produce sound zinc-free test bars 
without resorting to radical changes 
in the melting or casting procedure, 
so it was decided to accept the lesser 
evil of making a small zinc addition 
and extrapolating the curve to zero 
per cent zinc. 


The castings were wire-brushed to 
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Fig. 3—Effect of tin and lead at 10 per cent zinc content on mechanical properties of 
copper-base alloys, 





Fig. |—Top—Effect of tin and lead at zero 
per cent zinc content on mechanical prop- 
erties of copper-base alloys. 


Fig. 2—Bottom—Effect of tin and lead at 
5 per cent zinc content on mechanical 
properties of copper-base alloys. 


remove sand, and the test bar por- 
tion was cut off. Samples for chem- 
ical analysis were obtained by drill- 
ing halfway through the riser just 
above the web connecting it to the 
test bar. Each alloy (two castings) 
was analyzed for copper, tin and 
lead, and the zinc content was taken 
by difference (Table 1). 

Standard 0.505-in. diameter 
threaded bars were machined from 
the casting and tested. Stress-strain 
curves were made on all bars, using 
an extensometer reading to 0.000! 
in. The yield strengths reported are 
the unit loads at 0.5 per cent elonga- 
tion under load. 

After fracture, the threaded ends 
of the test bars were polished fo: 
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Fig. 4—Above—Effect of tin and lead at 
15 per cent zinc content on mechanical 
properties of copper-base alloys. 


Fig. 5—Right—Effect of tin and lead at 20 
per cent zinc content on mechanical prop- 
erties of copper-base alloys. 


Brinell hardness determinations and 
microscopic examination. Brinell im- 
pressions were made with a 10-mm. 
ball, using a 500-kg. load for 30 sec. 
For microscopic examination, the 
specimens were etched with potas- 
sium dichromate and/or ammonium 
hydroxide and hydrogen peroxide. 
Presentation of Data 

The plan of research consisted 
ideally in making 12 lead-free alloy 
bases, each containing exactly the 
nominal amounts of tin and zinc. 
Thus a curve could be drawn show- 
ing the influence of zinc on the 
properties of alloys containing 0, 5.0 
and 10.0 per cent of tin with points 
at 0, 5.0, 15.0 and 30.0 per cent of 
zinc. Similar curves also could be ob- 
tained from the same points showing 
the effect of tin on the properties 
of alloys containing, say, 15.0 per 
cent of zinc with points at 0, 5.0 and 
10.0 per cent of tin. Intermediate 
values then could be read from the 
curves. 

Since this degree of accuracy in 
compounding alloys is almost impos- 
sible to attain without pre-alloying, 
especially with high zinc contents, 
only routine precautions in weigh- 
ing and melting were observed and, 
after analysis, the properties of an 
alloy containing only 29.2 per cent 
of zinc were modified by calculation 
to the properties of the nominal 
composition (30 per cent). 

It also will be noted that, ideally, 
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actual percentage of zinc at 0, 5 
and 10 per cent nominal tin witl 
separate curves for 0, 5, 10, 15 and 
20 per cent of lead (a total of 15 
curves for each property), the values 
being read from the curves of prop- 
erties versus lead content (Step 2 
This step assumes that Deviations 
B and C do not exist 

Ste p 4: 
actual percentage of tin at 0, 5, 15 


Plot the properties versus 


and 30 per cent nominal zinc with 
separate curves for 0, 5, 10, 15 and 
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additions of lead would not change 20 per cent of lead (a total of 20 


the copper-tin-zinc ratio but only 
the percentage of each. Again it is 
impossible to attain this ideal and, 
as lead was added and the metal 
reheated, the ratio of copper-tin- 
zinc did change. 

There are, therefore, two major 
deviations from the ideal which 
must be taken into account: 

A. Deviation from nominal 
zinc composition (lead-free). 
B. Deviation from nominal tin 

composition (lead-free) . 

C. Change of copper-tin-zinc 
ratio during lead additions. 


Methods Used 

The method used may be broken 
down into steps as follows: 

Step 1: Calculate the “lead-free 
analysis” of each alloy, or make the 
copper, tin and zinc contents equal 
100 per cent. 

Step 2: Plot the properties of 
each base alloy versus actual lead 
content, assuming that Deviation C 
does not exist, i.e., the copper-tin- 
zinc ratio is assumed to be constant. 


Step 3: Plot properties versus 


curves for each property), the values 
being read from the curves repre- 
senting properties versus lead con- 
tent (Step 2). This step assumes 
that Deviations A and C do not 
exist. 

The purpose of making these ad- 
mittedly erroneous graphs (Steps 3 
and 4) is to observe, in a semi-quan- 
titative way, whether for each alloy 
the trend or slope of the several 
curves is such that chemical devia- 
tions from the nominal composition 
are introducing significant errors. 

Step 5: 
tions A, B and C are made for each 
sample as follows: 


Corrections for Devia- 


(a) Deviation A: Determine 
from the curves of Step 3 the in- 
crement of each property between 
the actual zinc content and the 
nominal zinc content. 

(b) Deviation B: Determine 
a similar increment of each prop- 
erty between the actual and nomi- 
nal tin content from the curves of 
Step 4. 


(ce) Determine the net effect 
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Fig. 6—Effect of tin and lead at 30 per 
copper 


of each pair of increments and 

correct each experimental prop- 

erty datum accordingly. This ob- 
viously corrects Deviations A and 

B and, since the net result of the 

correction is to establish the nomi- 

nal copper-tin-zinc relationship, 

Deviation C is automatically re- 

duced to zero in each case and 

thus eliminated. 

Step 6: The “uncorrected” curves 
described in Steps 2, 3 and 4 were 
again plotted, using the values ob- 
tained in Step 5. 

In all of these calculations, the 
“lead-free analysis” or copper-tin- 
zinc ratio was used. 

From the curves described in Step 
6, corrected to nominal composi- 
tion, Figs. | to 6, inclusive, were 
obtained after calculating the lead 
content back into the composition. 
Since zinc has less unit effect on 
properties than does tin or lead, 
these sections were made at constant 
zinc values. For zinc contents be- 
tween these even values, interpola- 
tion must be resorted to. 


Discussion 
It is acknowledged that the prop- 
erties of a very wide range of com- 
positions have been reported using 
only a relatively small number (47) 


cent zinc content on mechanical properties of 
-base alloys. 


of alloys. However, it is believed 
that the graphs represent values 
which are correct within the varia- 
tions to be expected with duplicate 
specimens (about +5 per cent 
maximum). 

The actual values obtained (Table 
1) have been checked against the 
applicable curves, and they ll 
agree within these limits. Although 
the effect of impurities is not known, 
the properties obtained on commer- 
cial alloys by the same method of 
casting are in substantial agreement 
with those reported here. 

While a detailed discussion of 
each graph will not be attempted, 
some general remarks are in order. 

Changes in direction of the lines 
are due chiefly to the appearance 
of new phases, although some 
changes indicate a difference in the 
degree of coring present. 


Line Direction 

From the lack of uniformity of 
direction of the lines, it is evident 
that the use of a “coefficient of 
equivalence” to simplify an under- 
standing of the system is inadvisable 
except within very narrow limits. 
It is also evident that if such a co- 
efficient be used within satisfactorily 
narrow limits for one property, it 
may not apply to another property. 


CopperR-TIN-LEAD-ZINC ALLoys 


The number of alloys studied does 
not permit drawing the boundaries 
of the phase fields. In general, the 
tin-free alloys consist of all alpha, 
except for the one containing 40 pe: 
cent of zinc, which also contains 
beta. All of the alloys made con- 
taining tin consist of alpha plus 
partially decomposed beta (alpha 
plus delta), the amount depending 
on composition. 

In the low-tin and low-zinc alloys, 
this beta is present because of cor- 
ing, and the all-alpha equilibrium 
state can be established by anneal- 
ing. As the amount of beta (alpha 
plus delta eutectoid) increases, the 
alloys become harder and more 
brittle; and when the beta becomes 
continuous, the elongation drops to 
zero. 

With high tin and zinc content, 
the addition of the higher amounts 
of lead resulted in two liquid layers 
This was immediately obvious when 
the castings were shaken out, and 
these bars were discarded. Not 
enough alloys of this type were made 
to allow drawing the _ two-liquid 
phase boundary lines. 


Summary 

Tensile strength, yield strength, 
per cent elongation and Brinell 
hardness have been determined on 
a series of sand-cast alloys, and the 
effect on these properties of changes 
in composition has been calculated 
and presented graphically for the 
quaternary system copper-tin-lead- 
zinc, within the limits of commercial 
use. 
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ALUMINUM CASTING’ STABILITY 


REPORT OF THE A.F.A. COMMITTEE ON 


Aluminum and 
Magnesium Division 


Reports from various sources 
indicate that difficulty is sometimes 
encountered with aluminum castings 
that are machined after heat treat- 
nent. The parts after machining 
re found to have changed dimen- 
sions. Since this problem is of par- 
ticular importance to some produc- 
ers, a subcommittee was appointed 
to investigate the problem and to 
submit suggestions. 

Chis committee has contacted per- 
sons familiar with the problem and 
the information submitted by them 
has been of great help in preparing 
this report. Much of the informa- 
tion may be familiar to those who 
have been interested in this problem 
previously, but it is given in this 
report for the benefit of those who 
are not so familiar with the problem. 
rhe information is given as closely 
as possible in the wording and man- 
ner in which it was submitted. 

[he committee wishes to extend 
its sincere appreciation to those who 
were kind enough to submit the sug- 
gestions and data reported. 


Committee Report 


C. C. Hitchcock (R. C. Hitchcock 
ind Sons, Minneapolis) submitted 
the following information: 

“The problems we are experienc- 
ing m dimensional stability probably 
can be attributed mainly to internal 
stresses set up by quenching heat- 
treated alloys. We know that some 
nstability is caused by work harden- 


Dimensional changes in alu- 

minum alloy castings ...caused 
by density changes . . . residual 
stresses resulting from plastic de- 
formation . . . selection of con- 
ditions and treatments to attain 
stability. 


ing of the surface when tools get 
slightly dull. 

“We have been carrying on many 
experiments with different annealing 
temperatures after the quenching 
operation and find that this helps to 
relieve our problem.” 

A brief outline of the deep-freez- 
ing process often used to overcome 
the difficulty was given by Mr. 
Hitchcock as follows: 

“The deep-freezing process con- 
sists merely of taking the casting 
down to below 100° F. below zero 
and then raising the temperature to 


200° F. and repeating the process 


five and six times. The only advan- 
tage that I can see to this is molecu- 
lar movement due to the change of 
temperature which tends to put at 
rest any casting strains.” 

The committee presented two other 
Hitchcock: (1) 


Over what temperature range are 


questions to Mr. 


the castings expected to have dimen- 


sional stability? (2) Since much of 


the dimensional instability is at- 
tributed to internal stresses set up 
by quench heat treatment, what re 
sults have been obtained with non- 
heat-treated alloys? 


Mr. Hitchcock replied as follows: 
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Fig. 1—Sketch of distortion test specimen used for detection of dimensional 
changes. 
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Fig. 4—Effect of time-temperature on growth in aluminum alloy test bars. 


ALUMINUM CASTING STABILIT’ 


“The temperature range in whic! 
we must maintain stability in ou 
castings is from 212° F. to 40°} 
below zero. 

“We have not done a great dea 
of experimenting with non-heat 
treated, high strength alloys, but ou 
experience with commercial grad: 
as-cast alloys such as 108, 212 and 
the like, has not been satisfactory 
This we attribute to the fact that 
unless the casting sections are abso 
lutely uniform, strains are set up in 
the casting processes which will re 
lieve themselves over a long period 
of time. We have, therefore, gone to 
heat-treated alloys, feeling that th: 
stresses and strains resulting would 
be far less detrimental than those 
incurred in the casting process. This 
is more true in castings where ther 
is considerable core. 

“Our trouble does not lie 100 per 
cent in instability after the article 
is in the field. A great deal of it 
occurs during the fabrication or 
machining. In some instances we 
have found that the machining and 
jigging of the castings were at fault, 
but we are not satisfied that th 
ultimate in casting stability has been 
reached.” 


Heating and Cooling 

Wayne Martin (then with Sperry 
Gyroscope Co., Flushing, N. Y.) sub- 
mitted the following information: 

“We use 5 hr. at 450°F. heat 
treatment followed by air cooling at 
the expense of the resultant mechan- 
ical properties. In no case over a 
period of years has this treatment 
failed to produce the best of stability, 
and it has been used on dimension- 
ally unstable castings of 195 and 356 
alloys in the T6 condition and made 
them stable. 

“In many cases it is conceivabl 
that in some instances such a treat 
ment would be undesirable becaus« 
impact properties and other proper- 
ties often deteriorate with such treat- 
ment. In the case of some thermostats 
we have, on advice of Louis Kemp! 
(Aluminum Co. of America, Cleve- 
land), gone to one hour at 750° F 
which annealed the casting soft, bu 
the stability was certainly there. 

“On die castings we use 16 hr. a! 
450° F. and appear to have dimen 
sional stability. Apparently silicon 
aluminum die castings present th 
greatest problem relative to stabilit) 
Temperatures higher than 450° F 
we feel should not be used on thin 
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vall die castings because the yield 
trength drops off fast. 

“We feel that dimensional stability 

aluminum castings is associated 
vith three factors. They are as fol- 

ws: 
1) Growth in silicon alloys. A 

asting hardened at 320° F. will grow 
n volume considerably if heated to 
temperatures approaching 500° F. 
[his has been checked several times. 
We presume that surface heat gen- 
erated in machining sometimes 
auses localized growth with result- 
ing dimensional change. 

‘(2) Volume changes due to pre- 

ipitation hardening. We have al- 
ways assumed that this could cause 
volume change and thus dimensional 
unstability. We have never traced 
any of our trouble to this cause for 
we have never machined castings 
until after they have been fully pre- 
cipitated by heat treatment. 

‘(3) Locked-up stresses from cast- 
ing, quenching, or straightening. We 
have definitely found cases where 
356 and 195 alloys have been un- 
stable due to quenching in water at 
too low a temperature. The 320° F. 
heat treatment was not sufficient to 
stress relieve the castings in this case, 
but the 450° F. treatment for 5 hr. 
did work. We feel that most of the 
trouble with dimensional unstability 
results from quenching stresses or 
subsequent straightening stresses set 
up in straightening castings that 
have warped out of shape during 
the solution heat treatment. 

“We are, at the present time, 
working on improvements of a high- 
zinc alloy which can definitely be 
stabilized by heat treatments in the 
range of 400-700° F. and still show 
mechanical properties in the neigh- 
borhood of 25,000 psi. yield strength 
and 40,000 psi. ultimate strength 
with 4 per cent elongation.” 


Instability Causes 

In order to clearly establish the 
type of instability and the relative 
amount of it, the committee asked 
Mr, Martin to answer two questions: 
(1) How do you test for stability? 
2) Is the instability to which you 
refer due to the natural coefficient 
of expansion or is it in excess of the 
normal change due to the coefficient 
of expansion? Mr. Martin’s answer 
was as follows: 

“We do not know of any good 
means to check dimensional stability 
from all possible causes, except by 


use of intricate castings. Thr insta- 
bility to which we refer is not tem- 
perature coefficient of expansion, but 
a permanent change in dimensions 
at constant temperature. We have 
had 356T6 castings move as much 
as 0.005 in. in 20 in., but in many 
of our parts we are interested in 
holding tolerance stable to as close 
as +0.0001 in. 


Locked-up Stresses 

“Most of the instability shows 
itself after rough machining, which 
makes it appear, at least in our case, 
as if it were a matter of locked-up 
stresses. Assuming the worst possible 
case of this type, we would have an 
aluminum alloy with an elastic limit 
of approximately 10,000 psi. Assum- 
ing that a very drastic quench was 
applied, causing a locked-up stress 
in excess of the elastic limit, the cast- 
ing would be subject to plastic de- 
formation to the extent of the stress 
in excess of the elastic limit, leaving 
a locked-up stress of 10,000 psi. 

“Then again, assuming the worst 
possible case, that is, a machining 
operation which would cut away 
enough metal to permit the com- 
plete removal of the 10,000 psi. 
locked-up stress in the outer fibres, 
based upon a 10,300,000 modulus, 
the strain resulting from the 10,000 
psi. stress would be 0.001 in. per in. 
If this extreme case had been ap- 
plied to our casting over 20 in., the 
movement could have been 0.020 in. 

“Since this casting had been aged 
at 320° F., the locked-up stress could 
not have been 10,000 psi., because 
the elastic limit at that temperature 
is considerably lower and the stress 
would have been relieved by that 
percentage. It would appear that the 
0.005-in. movement could fall very 
well within the probable expectation 
of what would happen, as a result 
of a quenching stress equal to the 
elastic limit. 

“As to measurement of this type 
of instability, a very good paper was 
presented recently by A. E. McPher- 
son, of the National Bureau of 
Standards, Washington, D. C., before 
the May 20 meeting of the Society 
for Experimental Stress Analysis, in 
Boston. By use of SR4 gages and 
very careful cutting of a magnesium 
casting, he was able to find a locked- 
up stress of 4,000 psi. in a casting 
subject to failure at that point. 

“The same technique could be 
used to determine dimensional in- 
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stability as the result of locked-u, 
stresses, but probably could not be 
used to determine volume changes 
due to precipitation hardening, or 
changes due to growth at elevated 
temperatures, because of the insta- 
bility of the SR4 gages, over a period 
of time.” 

Sperry Gyroscope Co. has reported 
the use of the distortion test speci- 
men shown in Fig. 1, which is simi- 
lar to that used for tool steels: 

“The specimen is cast and the 
dimensions A, B, and C are measured 
immediately after casting. At the 
time at which a distortion test is 
desired a cutter of Y-in. width is 
used to slot through the thin portion 
of the casting. If there is any dis- 
tortion after cutting, this is detected 
by noting the change in dimensions 
A, B, and C, and also by taking a 
fourth measurement D which indi- 
cates how much the '-in. gap has 
increased.” 

This test was used on an AIl-Zn- 
Mg alloy (40E) and indicated no 
distortion after either 4 weeks aging 
at room temperature or after heat- 
ing to 360° F. to accelerate aging. 
(This alloy requires no solution or 
quench heat treatment.) 


Distortion Tests 

Mr. Martin later added the foi- 
lowing comment: 

“This tool steel type of specimen 
was used on several solution heat- 
treated alloys and showed them to 
be stable. Later castings of the same 
alloy gave trouble from dimensional 
unstability in manufacturing. The 
errors in measuring this specimen 
are probably greater than the toler- 
ances required on many castings. I 
do not believe that this test is of 
much value as shown here.” 

In reviewing Mr. Martin’s report, 
Mr. Jung (Sperry Gyroscope Co.) 
extended the following information : 

“Curves (Figs. 2, 3, and 4) which 
were plotted from results obtained 
from single standard '4-in. diameter 
die casting test bars may be of in- 
terest. All growth is attributed to 
precipitation. No signs of locked-up 
stresses which could account for any 
appreciable amount of the growth 
were found. As a result of these 
tests, we are now heating our die 
castings for 5 hr. at 450°F. for 
dimensional stability. 

“Similar dimensional tests on sand- 
cast 40E and ternalloy 6 indicate 
that dimensional changes from aging 
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will be considerably less than 0.002 
in. per in. 

“Tests made on alloy 356 sand- 
cast distortion specimens which were 
described by Mr. Martin have in- 
dicated the following: 

“(a) Growth from aging will reach 
a maximum of approximately 0.001 
in. per in. at 450° F. after casting. 
Little if any locked-up stresses which 
may cause distortion will be present. 

“(b) Aging of this alloy after solu- 
tion heat treatment will not cause 
any appreciable growth. However, 
considerable locked-up stresses, which 
wili not be relieved after heating at 
310° F., may be present. This can 
cause considerable distortion when 
the castings are machined. The heat 
treatment needed to remove these 
stresses has not been determined as 
yet. At the present time we are using 
5 hr. at 450° F. and accepting lower 
mechanical properties if stability is 
required.” 

R. E. Ward (Eclipse Pioneer 
Div., Bendix Aviation Corp., Bendix, 
N. J.) submitted the following in- 
formation: 

“The first tests that we conducted 
on stability of castings that I re- 
member were on sample castings 
which were made up of non-heat- 
treated alloy (8 Zn, 0.90 Mg, 0.50 
Cr, and 0.15 Ti). The tests were 
comparatively simple but produced 
results which were satisfactory. We 
poured an intermediate housing cast- 
ing which is a cylindrical part of 
about %-in. wall thickness having 
a diameter at one end of about 7 in., 
a diameter at the other end of about 
4 in., and neck down in the center 
to about 3-in. diameter. We cast the 
part, machined the end diameters, 
performed the desired heat treat- 
ment (aging) and then cut the part 
longitudinally and measured any dis- 
tortion of the diameters. 


Tolerances Maintained 

“The problem of light alloy cast- 
ing stability has been one we have 
had to face constanily since many 
of our castings are machined as close 
as +0.003 in. and —0.0 in. and, as 
is well realized, complete stability is 
necessary to maintain these toler- 
ances. We have found that a stress 
relief anneal at 375°F. for 2 hr. 
performed between the rough and 
finish machining operations gives us 
the desired stability, provided the 
finish machining operations are done 
with sharp tools and the castings are 


jigged in the machines without dis- 
tortion. 

“When such extremely close di- 
mensions as those mentioned must 
be held, we find it advantageous to 
do thé finish machining after the 
paint and baking operation since a 
paint bake of one hr. at 300° F. 
might cause distortion. Whether or 
not it does cause distortion has never 
been definitely decided to the satis- 
faction of everyone since whenever 
tests are conducted we have found 
no distortion, but when close ma- 
chining is done after baking in pro- 
duction it is reported that the cast- 
ings sometimes change dimensions. 

“Tt is believed that any thin-wall 
casting of fairly large dimensions is 
a satisfactory one for conducting dis- 
tortion tests, but it must be borne in 
mind when conducting these tests 
that the differential coefficient of ex- 
pansion of steel measuring instru- 
ments on aluminum or magnesium 
is so great that a few degrees change 
in room temperature will affect the 
tests to the point where they may 
be worthless.” 


Temperature Ranges 

The committee requested Mr. 
Ward to answer three more ques- 
tions: (1) Within what temperature 
ranges is it usually desirable to ex- 
pect casting stability? (2) If most 
of the distortion is due to locked-up 
stresses caused by heat treating, is 
it possible that high strength non- 
heat-treated alloys artificially aged 
at 356° F. may help to overcome 
the problem? (3) Where castings are 
annealed at say 375° F. before ma- 
chining, what is expected in the way 
of strength properties? 

Mr. Ward’s answers to these ques- 
tions were as follows: 

“In manufacturing aircraft acces- 
sories, it is desirable to expect casting 
stability within the temperature 
range of —75°F. and +350°F. This 
is to take care of cold weather oper- 
ations and operation at about the 
temperature of the engine oil. Nat- 
urally, not all castings are subject 
to as high a temperature as 350° F., 
but in the case of puinps tempera- 
tures of even 400-425°F. are not 
unusual. 

“It was mentioned that several 
companies expressed the opinion that 
most of the distortion is due to 
locked-up stresses caused by heat 
treating. This may be true in solu- 
tion-treated castings brt, as stated 
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in a previous letter, we have never 
experienced distortion of solution 
treated and aged castings stress re- 
lief annealed between the rough and 
finish machining operation, even 
when holding extremely close toler- 
ances. 

“When castings are stress relief 
annealed at 375°F. before final 
machining, we do not experience 
any appreciable drop in_ physical 
properties. As a matter of fact, we 
still age 195 aluminum alloy in the 
foundry at 375° F. and follow up 
with a stress relief anneal when 
necessary. 

“Sometime ago we _ considered 
eliminating the aging after solution 
treatment in the foundry and using 
the stress relief anneal between fin- 
ishing and final machining as the 
aging treatment so as not to over- 
age the castings. This has worked 
satisfactorily, but we have not as 
yet changed all parts since it requires 
a considerable number of drawing 
changes and since we are at present 
meeting the desired physical proper- 
ties. 

“For a number of years we have 
been keenly interested in the high 
strength, non-heat-treated alloys 
which are artificially aged for 10 hr. 
at 356° F., but we have felt that 
certain drawbacks such as castability 
and the necessity for close control of 
impurities and balancing of alloying 
elements have made this type of 
alloy less desirable than the presently 
used high temperature  solution- 
treated alloys.” 


Support During Machining 

Dr. David Basch (then with Gen- 
eral Electric Co., Schenectady, N.Y.) 
submitted the following: 

Lack of support during machining 
was found to be a great cause of 
warpage during machining. Tool 
pressure deforms low yield strength 
alloys unless the parts are properly 
supported. 

On non-heat-treated alloys a sta- 
bilizing treatment of 6 hr. at 275° 
C. (527°F.) is used. Alloy 43 is 
held 3 hr. at 600° F. This treatment 
is not used on heat-treated alloys 
due to the consequent lowering of 
physical properties. 

Alloy 40E was stable after ma- 
chining following a 10-hr. age at 
356° F. Higher aging temperature 
destroys physical properties. 

Alloys 355 and 356 are held at 
440° F. for 8 hr. for streds relief, 
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vield and tensile strength are 
nsiderably reduced. 

Jecause of the possibility of crack- 
castings in straightening opera- 
n following quench heat treat- 
nt and age (T6), General Elec- 

Co. asks that all parts be pre- 
ated in boiling water before 

raightening. 

Grogan and Clayton’ investigated 

dimensional] stability of heat 
eated aluminum alloys and arrived 
the following conclusions: 

1. Changes in dimension occur- 

ng after heat treatment were much 

irger in wrought “Y” alloys and 
juralumin than in those of the cast 
eries. 

2. Considerable dimensional 
hanges occur when material 
quenched in cold water is machined. 
Changes were greatest in “Y” alloy, 
ess in duralumin, and 25S alloy, 
and still less in the copper-silicon 
illoys. 

3. In “Y” alloy and duralumin 
quenching in cold air reduces the 
dimensional changes which occur on 
machining as compared with cold 
water. Quenching in boiling water 
reduces them to relatively small pro- 
portions. 

+. These dimensional changes do 
not appear in annealed material. 


Effect of Aging 

Frontier Bronze Corp., Niagara 
Falls, N. Y., reported a test which 
was made by one of its customers 
m a large 40E casting. Due to gov- 
ernment covering the 
article tested the complete story can- 
not be given, but a summary is pre- 
sented herewith. 

A large reflector casting of 40-in. 
diameter and dished like a search- 
light reflector was cast and artifi- 
cially aged 10 hr. at 356° F. Prior 
to machining, the casting was fasten- 
ed on a machining jig and set screws 
placed at various parts of the cast- 
ing. The casting was then machined 
over the entire reflector surface, 
which gives a rough idea of the 
amount of metal removed. 

After the machining was complete 


restrictions 


‘J. D. Grogan and D. Clayton, “Di- 
mensional Stability of Heat-Treated Alu- 
minum Alloys,” Journal, Institute of 
Metals, vol. 45, p. 157 (1931). 


dimensions were checked at each of 
the set screws. A 0.001-in. gage was 
used for this check, and at no place 
was the change in dimension large 
enough to permit passage of the 
gage. It was roughly estimated thar 
any dimensional changes were in the 
neighborhood of 0.001 inch. 

Since there may be some inter- 
ested persons who are not familiar 
with the “deep-freeze” process of re- 
lieving stresses, a brief review is 
given herewith of the process as de- 
scribed by G. F. Forsthoefel?: 

Down to —50° F. is used to sta- 
bilize metal in precision gages or 
instruments. Sub-zero temperature is 
applied 4 to 6 hr. The part is then 
raised to room temperature and then 
again subjected to sub-zero for 4 to 
6 hr. This process may be repeated 
four to six times. Some gage manu- 
facturers add a heating cycle after 
the sub-zero period by inserting the 
part in boiling water after each cool- 
ing period. 

The process is said to result in 
alternate expansion and compression 
of molecules whereby after repeated 
cycles the metal finds a stabilized 
molecular condition. By stabilization 
it is not meant that the metal will 
not expand or contract with tem- 
perature changes, but it does mean 
that all internal strains have been 
relieved so that when the gage is 
subjected to repeated temperature 
changes it will always come back to 
the exact size it had at the time it 
was finished at a given temperature. 


Summary 


Howard Rowe, committee mem- 
ber, made the following summary 
of the data: 

“There are two causes, and only 
two, of lack of dimensional stability 
of aluminum castings. There are (1) 
density changes involved in changes 
of concentration of constitutents in 
the aluminum solid solution, and 
(2) residual stresses resulting from 
plastic deformation. Evidence of 
dimensional instability from either 
of these two causes may be the re- 
sult of the algebraic sum of both 


*C. F. Forsthoefel, “Sub-Zero Tempera- 
tures in Industry,” Refrigeration Engi- 
neering, vol. 46, no. 3, Sept., 1943, pp. 
164-7. 
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efforts acting independently. 

“In general, the condition of a 
saturated solid solution in most com- 
mercial aluminum alloys is the con- 
dition of maximum density. Precipi- 
tation of constituents from a solid 
solution is, therefore, accompanied 
by a decrease in density or perma- 
nent growth. Maximum mechanical 
properties usually are attained at a 
density lying somewhere between the 
maximum of the solid solution and 
the minimum of the completely an- 
nealed structure. 

“Various compromises can be 
scruck between maximum mechani- 
cal properties and complete stability 
by the selection of proper conditions 
of the precipitation or aging treat- 
ment. Generally speaking, the higher 
the temperature and the longer the 
time of the precipitation treatment, 
the nearer the structure comes to 
complete dimensional stability. 

“The plastic deformation resulting 
in residual stresses, which may cause 
distortion on removing a part of the 
structure by machining or otherwise, 
may arise during quenching from a 
high temperature solution treatment 
or from straightening of the casting 
at temperatures below the annealing 
range. Welding, which may involve 
rapid cooling from elevated tempera- 
tures, also may produce plastic de- 
formation resulting in residual 
Similarly, the restrained 
cooling of a casting in a mold may 
give rise to plastic 
which will result in residual stresses. 


stresses. 
deformation 


“Residual stresses may be relieved 
by heating the casting to tempera- 
tures up to about 750° F. followed 
by slow cooling to room tempera- 
ture. Such a treatment will reduce 
the residual stresses to substantially 
zero with, of course, a sacrifice in 
the mechanical properties obtain- 
able. Here again a compromise may 
be achieved by heating at tempera- 
tures below the annealing range. The 
higher the temperature and the 
longer the period of time, the greater 
the reduction in residual stress.” 

Personnel of the Committee on 
Casting Stability, Aluminum and 
Magnesium Division, is as follows: 
H. Brown, Chairman, G. H. Star- 
mann, H. J. Rowe, and R. E. Ward. 
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FOUNDRY SAND 
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Chicago 


UsE OF THE MICROSCOPE and 
camera in connection with various 
divisions of scientific and industrial 
work is rapidly increasing. Their use 
has greatly increased the wealth of 
knowledge in such fields as medi- 
cine, chemistry, biology and metal- 
lurgy, and has given the workers in 
these fields new tools with which to 
work and a means to permanently 
record their findings. 

The sand laboratory of the aver- 
age foundry, however, has not fully 
realized the importance of these 
tools, or has been diverted from 
their full usage due to an erroneous 
conception that complicated and 
costly equipment is necessary and 
that a high degree of technical 


knowledge of optics, chemistry and 
photography is required to produce 
satisfactory results. Nothing could 
be further from the truth! If a man 
can take a picture with a hand 
camera, follow the printed direc- 
tions on a package of photographic 
chemicals, and if his company will 
spend $150 to $200 he will have the 
requirements and tools to begin 
work. 

The investment on the part of 
the company is one it will never 
regret. It will pay for itself ten- 
fold in the many applications in 
which it can be employed usefully. 
The following article, in answer to 
numerous requests from sand tech- 
nicians, laboratory workers and sand 





Fig. 7—Photomicrographs of new sand at 25 diameters (from top to 
bottom): 


Small grains but variation in size not great. 
Note low clay content present and variation in size of grains. 
Fragmentary particles present. 
Conglomerate grains present in this bank sand. 


New washed sand. 





‘ ' : , , 
Darker grains contain appreciable amounts of iron oxide as part of the | 
silica make-up. 

' 


Note light clay splotches. 
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7 Foundry sand laboratories, in general, have overlooked the possi- 
bilities offered by microscope and camera... simple, inexpensive 
ools ... for study of a basic metal — casting material ... foundry sand. 
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Fig. 1—Diagrams showing principles of simple compound micro- 
scope and its use with camera in photomicrography. 
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users, will be written with a view- 
point to simplicity, as directly to 
the point as possible and as inform- 
ative as is consistent with the actual 
requirements needed to produce 
satisfactory results. Readers who 
wish to delve deeper into the sub- 









ject will find a reference list of pub- 
lications at the end of this article. 

The microscope used in the vis- 
ual examination of foundry sands 
need not differ greatly from that 
used in the botany and zoology 
classes in high schools. Microscopes 


















Fig. 8—Photomicrographs of sands at 25 diameters (top to bottom): 
Used core sand. Note carbonized oil coating on grains. 


Reclaimed core sand. Surface of grains and crevices plugged with 
carbonized or oxidized oil not wholly removed. 


Ignited refuse sand. Spongy clay coating on grains partially calcined. 


Used molding sand. Clay coating on grains and some black, shiny grains 
from core sand contamination. 


Discarded molding sand. Note presence of fines and graphite-clay 
coatings on grains. 


Used core sand. Note appearance of some almost clean grains showing 
result of improper mixing or removal of oil film by heat in proximity 
of core-metal interface. 


Reclaimed core sand showing presence of some oxidized and carbonized 
oil on some grains. 
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such as those given to youngsters as 
Christmas presents could be used, 
although instruments can be pur- 
chased for a few dollars more at 
medical school equipment houses, 
pawnbrokers and secondhand stores, 
with far better results and greater 
satisfaction in both visual inspec- 
tion and photomicrography. A sim- 
ple compound microscope, which 
can be purchased secondhand (with 
1-2 objective lenses and eyepieces) 
for perhaps $100, is entirely satis- 
factory if the purchaser is willing to 
forego such conveniences as a me- 
chanical stage, substage filter glass 
carrier, turret-type objective nose- 
piece, and sacrifice a littlé insofar 
as the flatness of the field is con- 
cerned. 

Simple Equipment Sufficient. 
Most work on foundry sands is done 
at less than 50 diameter magnifica- 
tion and will require a 32 or 48 
millimeter objective lens and _per- 
haps 5X, 7.5X and 10X eyepieces. 
These combinations will give mag- 
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nifications up to 50 diameters and, 
for most purposes in foundry sand 
study, will be ample. The author 
does not wish to convey the idea that 
the least expensive equipment should 
be purchased, but it is foolish to buy 
equipment such as is required when 
doing work at 500 or 1000 diameters 
or higher. Any reputable optical 
equipment dealer can and will help 
in the selection of the appropriate 
equipment. If $500 or more has 
been allotted for photomicrographic 
equipment, by all means buy the 
best, as the only criteria of what to 
buy are (a) will it do the job re- 
quired and (b) does it fit the 
budget? 

How a Microscope Works. The 
compound microscope, as it is 
termed in textbooks on optics, con- 
sists essentially of two parts, the 
objective lens and the eyepiece. As 
illustrated in Fig. 1, the objective 
lens (the lens on the lower end of 
the body tube) will form a real but 
inverted image of the object being 
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Fig. 2—Sketch of base and stand for microscope and camera. 


examined at plane | in plane 2, but 
the field lens of the eyepiece inter- 
cepts the rays forming the image on 
plane 3. The image is examined 
with the eye lens, which acts as a 
magnifier forming a virtual image 
at plane 4. Thus the object under- 
goes two stages of magnification— 
first by the objective lens and the 
second by the eyepiece. Therefore, 
the magnifying power of the micro- 
scope is the product of the power 
of magnification of the objective 
lens times the magnifying power of 
the eyepiece. 

Magnifying Power of Objective X 
Magnifying Power of Eyepiece = 
Magnifying Power of Microscope 

At this point one might be led to 
believe that by making the eyepiece 
high enough in magnifying power 
an unlimited degree of magnifica- 
tion might be obtained, but this is 
not true and would lead to compili- 
cations. The basic reasons under- 
lying this failure are due to the 
structure of the objective lens and 
of light itself. However, since the 
microscopic study of sand is carried 
out at low magnification, these dif- 
ficulties encountered in high magni- 
fication work will not be discussed 
here. 

Microscope Parts. Our microscope 
consists of the following easily iden. 
tified parts: foot piece and supports, 
arm, body tube, draw tube, stage 
eyepiece and objective, fine and 
coarse adjustment kncbs and rack 

Assuming that the best microscope 
that the budget will permit has been 
obtained, the operator now is ready 
to put it to use in the examination 
of foundry sands. Perhaps the 
microscope has a mirror and’ sub- 
stage condensor. These are useful 
in the examination of materials that 
are transparent or nearly so, in 
which case the light rays from a 
light source can be caught by the 
mirror, “squeezed” or condensed to 
a small beam by means of the sub- 
stage condensor and passed through 
the specimen as a concentrated bril- 
liant light. This, however, is not so 
with foundry sand which ranges 
from a dense black crystal to a milky 
or almost transparent color. For the 
present, let us forget the mirror and 
substage condensor, and swing it 
over to the side until such time a: 
it is needed. Now to begin work 

Preparation of Sample and Focus- 
ing. Obtain a sample of new sand 
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a pinch will do) ‘and spread it 
evenly with a spatula over the sur- 
face of a glass microscope slide and 
place the slide on the stage. Tap 
the slide gently to arrange the grains 
in a layer “one-grain” thick. (Use 
the microscope near a window to 
get sufficient light, or place a desk 
light near the stage to obtain the 
desired degree of illumination.) Use 
a 5X eyepiece and 32 mm. objec- 
tive lens in the microscope, pull out 
the draw tube to the length recom- 
mended by the manufacturer (usu- 
ally 160 mm.) and turn the coarse 
adjustment until the objective lens 
is somewhere near 134-in. from the 
specimen. Carefully raise or lower 
the body tube of the microscope by 
the adjustment knobs until the ob- 
ject is in focus. 

If the variation in size of the sand 
grains is not too great, it should be 
possible to get almost all of the 
grains in sharp focus. If it is not 
possible to get most of the grains in 
focus, too high a magnifier in the 
eyepiece or in the objective lens is 
being used. In the visuai observa- 
tion of any object when the mag- 
nification is raised, these basic con- 
ditions and limitations must be kept 
in mind: (a) the working distance 
between specimen and objective lens 
is decreased; (b) the depth of focus 
is decreased (that is, the depth at 
which the entire object will be in 
sharp focus); (c) the size of the 
field which can be observed is de- 
creased. These limitations, in gen- 
eral, are not met in working with 
magnifications up to approximately 
30 diameters, but offer special prob- 
lems in illumination and technique 
in observation and photography 
when working at higher magnifica- 
tions. 

Appearance of Sand Grains. Now 
that the sand grains are in focus, 
what is seen? The red splotch on 
that white sand grain is probably a 
dab of clay or iron oxide. The light 
brown grain is probably a silica grain 
stained through and through with 
iron, much as glass is colored and 
stained by impurities present. Notice 
the surface of the grains. They are 
not smooth like marbles and not per- 
fectly round as the observer might 
have imagined them to be. Note 
also that some grains have cracks 
and fissures in them. Those grains 
probably will break down into dust 
on being used a couple of times in 
contact with hot metal or may break 


in mulling or handling by the sand 
conveying system or sand slinger. 

Look at a sample of used core 
sand from the core knockout or a 
sample from the molding sand heap. 
A considerable change from what 
the new sand looked like is noted. 
Some grains are almost pure black, 
others are colored a dark brown, 
some have a spongy coating of 
burned clay or cereal binder on 
them, and still others are almost 
like new. The observer probably 
will find a considerable portion of 
very minute particles present, some 
of which sparkle like gems while 
others do not. The shiny particles 
probably are fine particles of silica 
that have been broken down from 
larger grains that were inheregtly 
weak ; the dull particles are probably 
particles of sea coal, clay, burned- 
out pitch or other organic matter. 
The black grains from the core 
knockout probably are covered with 
carbon from the carbonized oil, the 
dark brown grains are oxidized oil 
coatings that have not been as com- 
pletely carbonized. 

Microscope Helps to Solve Sand 
Problem. Here is the beginning of a 
fascinating and instructive field of 
study! Here is a new tool with which 
to study any number of sand prob- 
lems! It will help to answer such 
questions as: “How well does the 
sand we use stand up under usage?; 
how well does the mixer recondition 
the sand?; are we thoroughly mix- 
ing our ingredients?; are we com- 
pletely covering our sand grains with 
the clay that we are adding, or are 
we just putting big splotches of clay 
unevenly through our sand?; is our 
sand really ‘burning-on’ to the cast- 
ings or is our sand so open that we 
are getting metal penetration?” 
These questions and many others 
can be answered by the use of the 
microscope and a permanent record 
made of the findings for future ref- 
erence. The interpretation of what 
has been observed in using the 
microscope is not difficult and the 
more the equipment is used, the 
more rapidly can the observer in- 
terpretrate what he sees. 


Illumination 
Once the thrill of the first few 
sand examinations has worn off, the 
observer is ready to consider seri- 
ously his sand investigations and, as 
an outcome of this, he will desire, 
in all probability, to record photo- 
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graphically what he has observed 
through the microscope. 

There are many days when there 
is insufficient light coming from a 
nearby window to make visual ob- 
servation and photography entirely 
satisfactory. To eliminate the vari- 
ations in light on bright and cloudy 
days, lighting should be standard- 
ized. If the observer used a desk 
lamp in his initial trial with the 
microscope, he was on the right path 
to controlled illumination. The 
author has found it highly satisfac- 
tory to emply two desks lamps of 
the gooseneck type (one on each 
side of the microscope) to illuminate 
the specimen under observation. Two 
100-watt bulbs, either of the day- 
light or frosted type, are used for 
visual observation or for “black and 
white” photography. The same set- 
up is used for color photography 
with Kodachrome film, but the 100- 
watt bulbs are replaced with No. 1 
photoflood lamps which yield light 
of sufficient intensity for this work 
(light temperature emitted from the 
No. 1 photoflood lamps is approxi- 
mately 3300° Kelvin or 3027° C. «1 
5480.6° F.). 

Construction of Photographi« 
Unit. To make a sturdy, compact 
unit to handle both visual and photo- 
graphic work, it is advisable to con- 
struct a unit such as shown in Fig. 2. 
The base upon which the micro- 
scope rests is a gray iron casting 10 
in. by 12 in. and machined to a 
smooth flat surface, drilled and 
tapped to accommodate the perpen- 
dicular upright support (used for 
holding the camera above the eye- 
piece of the microscope when photo- 
micrographs are being made). The 
upright support must be absolutely 
perpendicular to the base upon 
which the microscope rests and the 
camera support made perpendicular 
to the upright support. This, simply 
expressed, means that the plane of 
the film used in the camera must be 
parallel to the plane of the micro- 
scope stage, or any pictures taken 
will be distorted. When the camera 
is not being used, it can be swung 
out of the way and will not inter- 
fere with visual examination. 

The lights used for illumination 
of the specimen need not be an in- 
tegral part of the camera-microscope 
stand and can, therefore, be adjusted 
to give the most satisfactory illumi- 
nation for any particular study. The 
microscope and camera stand, when 
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Fig. 3 


Photomicrographic set-up showing placement of camera, lights, and 


microscope. Unit ready for exposure. 


constructed as mentioned, then is 
placed on sponge rubber. This is a 
precaution against vibration of the 
unit by local disturbances. Using 
such a precaution, if the unit is 
affected by vibrations it will vibrate 
as a unit. 
The Camera 

If the reader is not interested in 
photographically recording what he 
has observed through the use of the 
microscope in the study of foundry 
sand, the following perhaps will be 
of little interest to him. 

In the choice of cameras for 
photomicrography of foundry sands, 
there is as much choice as there is 
in the selection of a suitable micro- 
scope for visual examination. At this 
point, it may be well to state that 
the simplest camera to use is in 
reality not a camera at all as a 
camera lens is not required. In real- 
ity, it is a light-tight box at one end 
of which there is a shutter to admit 
light at will and at the other end 
provision is made for placing a piece 
of ground glass or photographic film. 
The author experimented a great 
deal with various cameras, finally 
coming to the conclusion that all 
that is necessary for satisfactory re- 
sults is the aforementioned arrange- 
ment. 

A folding camera, having either 
single or double extension bellows, 
equipped with a ground glass back 
and plate holders or film pack 


adapter is a very satisfactory arrange- 
ment. No lens is required as the eye- 
piece lens of the microscope is used 
as a projection lens, projecting the 
image onto the ground glass or film. 
Cameras of this type are not difficult 
to find and, since no lens is required, 
can be purchased for considerably 


less than the price paid by many 
amateur photographers using these 
cameras for general photographic 
art. 

The author uses a Kodak Recomar 
No. 33 camera in his setup, which 
was equipped with a F 4.5 anastig- 
matic lens, film pack adapter, three 
cut film holders and cable shutter 
release, and purchased for the sum 
of $45. Such a camera is most useful. 
When it is needed for shop pictures 
of equipment, experimental setups, 
etc., the lenses are inserted and the 
required pictures made; when it is 
required for photomicrographic work, 
it can be adapted quickly to that 
field of work by simply removing the 
lenses. If one wishes to spend con- 
siderably more than this for a 
camera, the Leitz, Zeiss, Spencer, 
and Bausch & Lomb companies all 
have equipment to suit the taste and 
purse. Complete photomicrographic 
equipment units also can be obtained 
from these companies. However, 
large, expensive photographic units 
are outside the scope of this paper, 
which is written specifically for in- 
dividuals and companies which have 
a limited amount of money to spend. 

Photomicrography 

The word “photomicrograph” is 

composed of the two words “photo” 
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or “photograph” and “micrograph.” 
A “photograph” is a picture pro- 
duced by exposing a plate or film, 
sensitized or coated with certain 
chemicals, to the action of light. A 
“micrograph” is an enlarged repro- 
duction of a minute object and 
usually made free hand or by using 
a pantograph. If, however, an en- 
larged reproduction of a minute 
object is obtained photographically, 
the result is termed a_ photo- 
micrograph. 

At this point, we shall assume that 
everyone reading this article has at 
some time or another used a camera 
of some sort and has taken a photo- 
graph or picture and noted that 
light and film were required. The 
camera lens brought the subject to 
be photographed into sharp focus 
and with the opening of the shutter 
allowed the light to pass through 
the lens and strike the film. The 
film then was removed and devel- 
oped to bring out the latent image 
produced by the action of light on 
the sensitized film. The film, after 
development and fixing, then be- 
comes a negative. The negative is, 
in its simplest form, a picture in 
which right and left and light and 
shade are the reverse of those in the 
original subject photographed. The 
negative then is used to produce a 
positive by passing light through it. 
The light passes through the light 
portions of the negative striking a 
sensitized surface, the amount of 
light allowed to pass being depend- 
ent upon the density of the negative. 
The surface so exposed is then de- 
veloped and fixed chemically to pro- 





duce the positive which is commonly 
known as a picture or photograph. 

A knowledge of photography is a 
great help in photomicrography and, 
needless to say, helpful if the pho- 
tographer wishes to do his own de- 
veloping, printing and enlarging. 
However, it is not absolutely neces- 
sary that the photographer have 
knowledge of those operations as the 
exposed film can be taken to a photo 
finisher or the “corner drugstore” 
and positive prints made from the 
film and returned to him in a man- 
ner similar to our “week-end picnic” 
pictures. However, the subject is so 
fascinating that most readers will 
wish to do their own work, thereby 
adding to the enjoyment obtained in 
photomicrography. For those who 
have little or no knowledge of the 
photographic art, a list of excellent 
books on the subject, which the 
author has found most instructive 
and helpful, will be found at the 
end of this article. Perhaps the shop 
“camera-bug” (every shop has one) 
can be called in by the novice photo- 
micrographer with mutual aid, in- 
terest and benefit to all concerned. 


Photomicrographic Technique 

Perhaps the simplest means (al- 
though not the best) of acquainting 
the novice with the technique of 
photomicrography, is to illustrate the 
method used by the author, which 
is quite satisfactory. Realizing that 
most people become proficient more 
rapidly by the knowledge derived 
from others, the technique offered 
here has given, to date, most satis- 
factory results. 
The setup for lights, camera and 





Fig. 5 (left Photomicrograph: 
set-up showing camera moved to 
side for visual observation of speci- 
men. Microscope half of light trap 
placed on base plate of stand. Fig. 6 
right Side view of photomicro- 
graphic set-up with camera in place 
and light trap in operating position 
ready for ex posure 


microscope is shown in Fig. 3, with 
indicated. The 
microscope rests firmly on the ma- 


the distances as 


chined gray iron plate with the stage 
of the microscope parallel to the 
base. The iron base itself rests upon 
a sheet of sponge rubber to absorb 
undesirable vibrations. The micro- 
scope slide with the sand sample is 
placed on the stage, the lights turned 
on and a preliminary visual observa- 
tion made for the most desirable 
field. The bottom half of the light 
trap (shown in Fig. 4) then is 
placed on the draw tube by first 
removing the eyepiece and then re- 
placing same after the light trap 
has been placed on the draw tube 
Figs. 5 and 6). The camera with 
the upper half of the light trap is 
now swung into place directly above 
the microscope eyepiece and locked 
into place by a wingnut. The camera 
bellows is lowered to a point where 
the upper and lower halves of the 
light trap fit well into each other 
but do not touch. The camera shut- 
ter then is opened and, with the 
ground glass in place, is ready for 
final focusing. 

Final focusing is accomplished by 
focusing the microscope so that a 
sharp image is formed on the ground 
glass. A black cloth over the head 
of the observer and hanging well 
over the sides of the camera back 
will assist appreciably in obtaining 
sharp focus at this point. A hand 
magnifier or reading glass will also 
assist the observer at this point. 
When sharp focus has been obtained, 
the camera shutter is closed and the 
ground glass replaced with the film 
plate holder or film pack adapter. 
The exposure is now made. As a 
start, the photographer might try 
15 sec. To find the correct exposure 
for certain types of sand, it is well 
to make the “strip exposure” test 
in which sections of a single film 
or plate are exposed for varying 
lengths of time by withdrawing the 
film or plate holder protective 
sheath a portion at a time. The cor- 
rect exposure by this method can 
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easily be found. Relative to what 
film to use in photomicrography, a 
film of medium speed, such as Veri- 
chrome, Panatomic X, Process 
Ortho, etc., is very satisfactory. 
Figures 7 and 8 show the results 
obtained using this technique and 
also the appearance of various sands 
under the microscope. 

The exposed film or plate is now 
developed and fixed in the usual 
way. Any film developer, such as 
Eastman’s 76 for developing, fol- 
lowed by a clear water rinse or short 
stop bath, and fixed in standard 
sodium thiosulfate (hypo) can be 
used. The processed films are dried 
and labeled and contact prints or 
enlargements made as required. 

Color Photography. After the 
novice has obtained a degree of 
proficiency in taking “black and 
white” photographs, he will, no 
doubt, wish to try his hand at color 
photography. The technique for this 
type of work is identical to that for 
“black and white” with the excep- 
tion that the 100-watt lamps are 
replaced with No. 1  photoflood 
lamps for illumination and exposures 
of 30-35 sec. are made. Color-com- 
pensating filters may be required, 
due to the light absorption of cer- 
tain wave lengths by the optical sys- 
tem of the microscope. 


Light Wave Absorption 


The author has found Eastman’s 
CC-14 CC-15 filters helpful in over- 
coming light wave absorption by the 
microscope optical system. These 
filters are dyed gelatin filters ap- 
proximately 2x2 in. and can be 
obtained mounted in optical glass or 
unmounted. The author uses un- 
mounted filters which are cut from 
the squares into 2x Y2-in. pieces 
and placed directly over and on the 
eyepiece lens of the microscope. To 
prevent “finger-marking” the filters, 
a pair of tweezers is used for placing 
and removing the ¥2-in. squares. 

Kodachrome film can be obtained 
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in several roll film and professional 
cut film sizes. As Kodachrome in the 
larger sizes is comparatively costly, 
the author uses a Recomar Koda- 
chrome adapter, which accommo- 
dates bantam size Kodachrome film. 

This arrangement is neat and 
economical, as the individual ex- 
posures cost no more than a pack- 
age of cigarettes. The exposed film 
is mailed to the Eastman Company 
and processed (the cost of the film 
includes this processing) and re- 
turned to the user mounted in in- 
dividual 2x 2-in. mounts ready for 
slide projection or for a viewer. The 
transparencies also can be used for 
making positive prints in several 
sizes, when taken to the Eastman 
Company to be processed by them. 

Photomicrographers, who are in- 
terested in color photography, should 
find a world of information in “The 
Data Book on Color Photography 
with Kodachrome,” published by the 
Eastman Kodak Co., Rochester, 
N. Y. In passing, it may be said 
that sand pictures in color tend to 
overcome one of the short-comings 
of “black and white” pictures in 
that not only are the sand grains 
seen in the same colors as the eye 
sees them, but a definite “third 
dimensional effect” is imparted to 
the picture. However, the “third 
dimension” unfortunately can _ be 
obtained only by a binocular type or 
stereoscopic type of microscope and 
camera when taking “black and 
whites.” 

Much can be written on the sub- 
ject of photomicrography in regard 
to both technique and equipment. 
Such a discussion would lead only 
to lengthy dissertations on the merits 
and disadvantages of particular 
pieces of equipment and methods. 


Conclusion 


The author’s studies of foundry 
sands base impressed upon him the 
simplicity and ease with which both 
visual and photographic studies can 


be made. He has resisted arguments 
concerning equipment and _pro- 
cedure and has produced entirely 
satisfactory results with a_ very 
modest initial investment. 

It is sincerely hoped that many 
foundries that do not now possess 
a microscope or camera will feel a 
desire to explore the possibilities of 
using these tools in their everyday 
foundry practice, thereby adding im- 
measurably to the existing knowledge 
of one of the most widely used, yet 
perhaps ieast understood, basic ma- 
terials in metal casting—sand. 


The author wishes to thank the 
following persons and organizations 
for the cooperation and aid extended 
in the development of his present 
photomicrographic technique and in 
the preparation of this paper: 

Miss C. Dupuy, C. H. Krause 
(U.S.N.), and R. E. Wick, Sand 
Research Laboratory, Hydro-Blast 
Corp., Chicago, and W. E. Smith, 


Eastman Kodak Co., Rochester, 
N. Y. 
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annealed malleable cast iron. 


HE control of manufacturing 

processes is an interesting and 
attractive study, probably because 
therein perfection is attempted but 
never attained. There always re- 
mains this or that variable from 
which, although it might be con- 
trolled, the added benefits are not 
worth the expense entailed. Usually, 
however, if a few of the most dan- 
gverous variables are controlled the 
sum total of the remainder will not 
cause the finished product to vary 
outside those limits necessary and 
acceptable in a good commercial 
product. 


Control in General 

The object of control in malleable 
castings is to turn out a product 
which will give entire satisfaction 
both in subsequent manufacturing 
operations and in service. As it is 
extremely difficult to apply any suit- 
able test to numerous different 
shapes and sizes of castings, quality 
of the metal itself usually is based 
on a test bar, the physical proper- 
ties of which have been set by most 
of the leading metallurgical and me- 
chanical societies. 

Complaints from the shop and 
from the field of service usually are 
caused by that part of the product 
which falls below standards in phy- 
sical properties. The questionable 





* The particular 
discussion is mal 
control processes deal with melting the cold 
charge in powdered coal fired reverberatory 
furnaces and annealing the castings in 
periodic ovens. 
ciples discussed could be applied to other 
melting and annealing processes. 
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eable iron castings. The 


Many of the control prin- 
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advantages of any part of the prod- 
uct which is above standards can 
never offset the complaints caused 
by that part below standards. The 
object of control is to eliminate that 
part of the product which falls be- 
low standards. 

Before attempting control one 
must be aware of all the variables 
which might affect quality. One 
must also have a fair knowledge of 
their relative importance. Control 
then should be started on those vari- 
ables of greatest importance, and 
continued until that part of the 
product falling below standards has 
been eliminated. The value of any 
further control is doubtful unless, of 
course, some reduction in cost is ac- 
complished which will pay for the 
added control. 

Malleable casting production can 
be divided into three main head- 
ings; raw materials and mixtures, 
melting practice, and annealing. 
Control must be applied to each of 
these three. 

Now control to some people 
means an apparatus of some kind, 
usually automatic, which when at- 
tached to a furnace or oven imme- 
diately becomes a panacea for all 
ills, and from thence on all troubles 
cease. Such persons are doomed to 
quite rapid disappointment. 


Hamilton, Ont., Canada 


methods of control are 
much more complicated than an 
automatic apparatus, but the greater 
part are really much simpler. A 
large part of control entails no ap- 
paratus at all, but simply the ap- 
plication of some rule or habit of 
good sense and order. 


Some 


Psychological Factors 

Psychology plays a very important 
role in control, especially where 
some piece of apparatus must be put 
into the hands of an already expe- 
rienced and reasonably successful 
operator. A few of the psychological 
factors are as follows: 

Let the operator know that he 
is being provided with a new tool 
which he will not be able to use 
until he has mastered its prin- 
ciples. 

Let him know that any Tom, 
Dick or Harry would not have the 
furnace knowledge necessary to 
learn how to use it and appreciate 
its advantages. 

Let him know that when he has 
learned how to use it he will be 
still more experienced than he 
now is, and that if he can master 
it his work will become manually 
easier. 

It is always an advantage to 
have the commendation and 











Table 1 
Me tino Losses 


Silicon Losi*, Per Cent 


Carbon Loss*, Per Cent 


Before After Before After 
Date Prelim. Analysis Prelim. Analysis Prelim. Analysis Prelim. Analysis 
(1) (2) (3) Ps (5) (6) (7) (8) 

Nov., 5-Day 5-Day 5-Day 5-Day 
1943 Daily Avg Dail) Avg Daily Avg Daily Avg. 
1 (0.49) 0.13 (0.47) 0.20 

2 0.27 (0.09 0.29 0.24 

j 0.29 0.03 + 0.34 (0.27) 

4 (0.39) 0.04 + 0.39) 0.14 

5 (0.30) sia 0.00 oa (0.36) 0.18 ee 
6 0.18 0.286 0.014 0.002 0.23 0.322 0.24 0.200 
8 0.24 0.256 0.06 0.004 + 0.33 0.310 (0.26) 0.212 
4 0.25 0.252 0.02 0.012+- (0.33) 0.318 0.23 0.210 
10 (0.29) 0.252 0.034 0.012+- 0.29 0.308 0.25 0.208 
11 0.27 0.246 0.04+ 0.012+- 0.25 0.286 (0.28) 0.232 
12 0.28 0.244 0.00 0.012+ 0.26 0.272 0.24 0.244 

*Plus marks indicate a gain instead of a loss 

Table 2 


Loss CALCULATION 


Date: Now. 12, 19423 


Heat No. 1, Furnace No.1 











Per Cent Per Cent 
St Cc 
Calculated Analysis 1.25 3.00 
Preliminary Analysis 0.97 2.74 
Loss Before Preliminary 0.28 0.26 
Preliminary Analysis 0.97 2.74 
Added Elements 0.05 0.00 
Rectified Preliminary i 274 
Final Analysis 1.02 2.50 
Loss After Preliminary 0.00. 0.24 
Avg. Loss Before Preliminary 0.244 0.272 
Ave. Loss After Preliminary 0.012 0.244 
Avg.» Total Loss After Preliminary 0.232 0.516 
Desired Final Analysis 1.000 2.500 


Required Calculated Analysis 


1.232 3.016 











praise of the apparatus come first 
from the operator himself. 

Do not create the impression 
that with this apparatus his ex- 
perience and skill are no longer 
necessary. 

Do not create the impression 
that from now on, any Tom, Dick 
or Harry can operate the furnace, 
and the results will be even better 
than before. 

Do not create the impression 
that the apparatus knows more 
than the operator does about what 
is going on inside the furnace. If 
this is so, the operator will find it 
out for himself. 

Any control or apparatus must 
be good enough to sell itself or 
it is doomed to failure. 


Raw Materials and Mixtures 


Control must start right at the 
stock piles of pig iron and scrap. 
The manner in which a charge melts 
down and changes in composition is 
affected by the physical structure, 
size and shape of pig iron and scrap 
as well as by their chemical analysis. 


Two heats of pig iron of identical 
analysis may not lose silicon and 
carbon to the same extent. Heavy 
scrap will not melt down with the 
same losses in chemical elements as 
light and thin scrap. This applies 
to steel scrap as well as to malleable 
scrap. 

Since physical structure, size and 
shape are not controlled, their effect 
must be controlled by averaging out 
these variables. This control is ex- 
ercised by following a few simple 
rules and principles. 

Cars of pig iron are sampled by 
selecting one pig for every 5 tons. 
If pigs of different aspects are re- 
marked in the car, a representative 
number of each kind are selected. 
Equal weights of drillings from each 
pig are mixed to form the sample 
for analysis of the car. 

Cars of pig iron are unloaded and 
spread out to even thickness, one car 
on top of another to form piles as 
large as is practicable. When using 
from these “layer cake” piles, pig 
iron is loaded onto the charging bar- 
rows by taking from the face of the 





pile. In this way any differences due 
to physical structure or size are 
averaged out. 

Piles are made up of cars that do 
not vary more than 0.50 per cent 
in silicon content, and the average 
analysis is calculated by using the 
weights and analyses of the individ- 
ual cars. 

Before one pile of pig iron is com- 
pletely consumed, the next pile is 
gradually worked into the mixture 
so that a change is not made 
abruptly from one pile to another. 


Analysis of bought malleable scrap 
always will be a problem, but an- 
alyses of samples from the scrap pile 
over a period of time will furnish an 
average analysis that can be used in 
making up mixtures and, as the 
quantity of this rarely exceeds 15 
per cent of the mixture, it becomes 
one of the lesser variables. 

More important is the size and 
shape of this scrap, which should be 
loaded and charged in such a man- 
ner that each heat receives the same 
proportion of heavy and light scrap. 
The same remarks apply to the steel 
scrap used in the mixture. 


Judicious segregation of foundry 
returns will give a supply of this 
material of known analysis and reg- 
ular size distribution. The amount 
of annealed returns usually is so 
small that this may be grouped with 
the unannealed returns at the same 
analysis. 


Mixture Calculation 

If it were known exactly how much 
silicon, carbon and manganese 
would be burned out during the 
melting of a heat, the problem of 
mixture calculation would be a sim- 
ple one. However, fact is not of the 
future, so these losses must be 
estimated. 

Usually, manganese will take care 
of itself. Assuming that the loss of 
silicon and carbon will be the same 
as in any one previous heat would 
only be guessing or estimating with 
insufficient data. 

In this particular foundry, prac- 
tice has shown that the best pro- 
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cedure is to consider the last six 
heats, eliminate the highest loss 
found on each element and use the 
average of the remaining five figures 
as the estimated loss for the next 
heat. This principle is used for the 
drop in carbon and silicon from pre- 
liminary to tapping, as well as from 
calculated to final heat 
analysis. 


analysis 


Tables 1 to 5 are excerpts from 
the records of this data, and are 
used in calculating the mixture for 
one particular heat. The mixture is 
calculated just as soon as the final 
analysis of the previous heat has 
been finished. 


Forms 

Table 2 shows the form that is 
used in calculating the losses for the 
last heat melted and in estimating 
the losses for the next heat. Table 1 
is a sort of running inventory of 
silicon and carbon losses used to cal- 
culate the average loss figures used 
on the form in Table 2. 

The difference between the calcu- 
lated analysis and the preliminary 
analysis (0.28 per cent silicon and 
0.26 per cent carbon in this case) is 
carried over into columns | and 5 
on the loss sheet. Any additions 
after the preliminary then are added 
in (0.05 per cent silicon in this 
case), and the difference between 
this and the final heat analysis cal- 
culated (0.00 per cent silicon and 
0.24 per cent carbon in this case), 
and these figures carried over into 
columns 3 and 7 on the loss sheet. 


Averages 

Then, considering the last 6 days 
only, the maximum figures are elim- 
inated (those in parentheses) and 
the averages made of the other five 
in each column. These averages 
then are carried back onto the loss 
calculation form and totaled. This 
total is added to the desired final an- 
alysis to give the required calculated 
analysis for the next heat. 

Table 3 shows the mixture calcu- 
lation sheet, which is almost self- 
explanatory. Now if the loss on this 
heat is the same as the average over 
the last 6 days, this heat will require 
no additions and will show exactly 
the desired analysis at the finish. It 
does not always happen exactly this 
way but, since our estimate is half- 
way between the extremes, if an ad- 
dition is necessary it will be only a 
small one. 


Tables 4 and 5 show the front and 
back of the form sent to the foundry 
weigh scales in duplicate. As sent 
from the laboratory, only the col- 
umns “Material” and “Per cent” 
are filled in along with the calcu- 
lated analysis. All of the other fig- 
ures on both sides are filled in by 
the foundry and one copy returned 
to the laboratory. 

The foregoing is a brief outline 
of the method followed in calculat- 
ing the mixture. The only training 
necessary is in ordinary arithmetic. 


It is based on nothing more than 
the law of averages; it has a definite 
formula and has nothing whatsoever 
to do with metallurgy. Any bright 


grammar school graduate can do it 
just as well as an experienced met- 


allurgist. 
Melting Control 

The foregoing method of mixture 
calculation is based on the premise 
that all of the details of charging 
and melting practice will be such 
that the loss in silicon and carbon 
on any one day will be within the 





Table 3 


Mixture CALcuLaTION 
Nov. 13, 1943. Heat No 


1, Furnace No. 1 


Mixture 





Charging Material Per Cent 


Car No. 


Bought Mall. Scrap.... 


Calculated Analysis 


Si 
> SS eres 1.40 0.80 
a Sacain 6 2.15 0.75 
Pig Iron) car No. D.......2! 135 0.85 
Special Spruce... .10 1.70 45 

Domestic Scrap ... 1.00 0.38 
0.90 0.30 
Steel Scrap cose 0.20 0.40 


Mn ; Si Mn Cc 

0.266 0.152 0.770 
0.129 0.045 0.234 
0.284 0.179 0.861 
0.170 0.045 0.240 
0.300 0.114 0.750 
0.063 0.021 0.140 
0.014 0.028 0.014 


0.584 4.009 


1.226 





Date: Now 
Maternal 

Car No 

Car No 

Pig Iron Car No. 


Steel Scrap 
Cal. Analysis. . ree 


Special Spruce... .. 
Domestic Scrap ....... 
Bought Mall. Scrap.... 


Table 4 
MIXTURE 


MALLEABLE FouNDRY 
13, 1943. Heat No 


1, Furnace No. 1 
Weight, Lb 
6155 
1980 
7045 
3300 
9900 
23f0 
2310 


Per cent 


3.01 





Weight of Charge . .33,000 . 
Started Slagging .. 8:20AM 
Loads of Slag.... ~ er 

Started Tapping...... 10:35 A.M 








(Tables 1 to 5 and Figs. 1-5 are 
reprinted from a paper “Malle- 
able Mixture Calculation and 
Melting Control” presented by 
the author at the 48th Annual 
Meeting of A.F.A., Buffalo, N.Y., 
April 26, 1944, and published in 
A.F.A. Transactions, vol. 52, 
pp. 441-458, 1944.) 











.. Started Firing e+eeee4:00 AM 
Preliminary Test... 
Additions Made ... 
Finished 


»+- 10:10 A.M 


Tapping......11:15A.M 


Signature 


Table 5 


Firinc SCHEDULE 

Ratio 
Time Coal to Air 
:00 A.M. 10:6 
:20 11:8 
:40 12:10 
:00 14:12 
:20 15:13 


Additions 
50% 
Petroleum Coke 
Manganese Pig 
Steel Scrap 


Ferrosilicon 








Fig. |—Burner end of melting furnace and control board for coal- and air-feeding. 
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Fig. 2—Exit gas line from furnace to instruments. 








range of practice prevailing over the 
previous 6 days, the highest loss fig- 
ures excepted. 

These details of practice include 
the charging of the furnace or the 
location of pig iron, foundry returns, 
bought scrap and steel scrap. Bought 
scrap and steel scrap must be in the 
same proportion of heavy to light 
from one day to another. The heat 
must be worked in the same man- 
ner every day as regards poling or 
barring up. 


Fuel-Air Ratio 


One of the main factors of melt- 
ing control is the fuel-air ratio or 
CO-CO, balance over the charge 
while melting down and while su- 
perheating. The same blower gate 
setting and coal feed screw setting 


will not always give the same 
CO-CO, balance. And even the 
most experienced melters cannot al- 
ways visually estimate this balance 
from flame aspects. 

Figure 1 shows the burner end of 
the furnace. Powdered coal is blown 
to the furnace from a central pul- 
verizing station. The supply of coal 
is regulated by a remote control and 
an indicator of the speed of the feed 
screw at the pulverizer. A constant 
quantity of primary air is furnished 
by a fan type blower at the pulver- 
izer and blows the coal to the melt- 
ing furnace, where it enters at the 
center of the shutter type gate used 
to control the secondary air. 

Analysis of exit gases will furnish 
indications much more accurate 
than visual estimation as to the 


CO-CO, balance existing in the fur- 
nace. Sampling must be done far 
enough away from the burners so as 
to guarantee that reaction is com- 
plete. The furnace also must be 
operated under slight pressure so 
that infiltration of air through doors 
or other openings will not falsify gas 
analysis indications. 

Incidentally, slight furnace pres- 
sure has been found to give the best 
melting conditions. Therefore, it is 
evident that furnace pressure must 
be controlled to ensure a gas sample 
representative of firing conditions at 
the burner, and that some gas an- 
alyzer must be used which will elim- 
inate the personal element as com- 
pletely as possible. 


Gas Sampling 

For sampling, the simplest and 
most foolproof combination found 
to date is shown in Fig. 2—a thick 
ceramic sampling tube built into the 
wall of the furnace, a piece of large 
diameter pipe at the outlet end, a 
trap with a water seal and ordinary 
gas pipe to the two instruments. 

This set-up, installed with the two 
instruments, is shown in Fig. 3. The 
outlet from the furnace, the trap, the 
petcock for checking the water level, 
the tube going underground, nipples 
and rubber connections to the pres- 


Se 


sure gage and the gas analyzer. 


Instruments 

Figure 4 is a close-up view of the 
instruments. At the left, a typical 
boiler draft gage, each small divi- 
sion representing 0.02-in. draft or 
pressure. At the right, a gas analyzer 
of the thermal conductivity type, 
such as is used to regulate carbu- 
retors on motor cars. The original 
calibration of lean, normal, and rich 
has been changed to conform to the 
best air furnace practice. 


Furnace Operation 

At the start of firing and until 
pressure is built up in the furnace, 
the analyzer is inoperative. During 
this period some predetermined 
schedule of fuel and air feed must 
be used. As soon as enough pres- 
sure is built up, the gas analyzer 
starts to operate. From this time on 
the coal feed is regulated according 
to the indications of the analyzer. 
The air setting is left to the judg- 
ment of the melter, who may vary 
the intensity of firing by this means. 

A preliminary sample is taken at 


























the usual point in the melting of the 
heat and sent to the laboratory for 
inalysis. This is analyzed in about 
20 min. and the foundry notified on 
three points: 

1. The analysis results. 

2. The corrective additions if 


necessary. 





> 


3. The firing method until tap- 


ping out. 


Addition Computator 
The last two indications are read 
‘addition com- 


‘ 


off directly from an 
putator” (Fig. 5). 

On this computator there are two 
movable slides. One represents the 
silicon analysis of the preliminary 
sample, and the other the carbon 
analysis. The smaller figures on the 
outside represent the average loss 
after preliminary sample over the 
previous 6 days, and which figures 
are set opposite the shaded rec- 
tangles. 

The slides in the positions shown 
indicate a 10-point drop in silicon 
and a 20-point drop in carbon. 
With the preliminary analysis at 
hand, one particular square on the 
central chart is designated. The po- 
sition of this square and the figures 
or lack of figures in it, indicate the 
quantity of additions and the firing 
method. 


Annealing Control 

The annealing ovens used in this 
foundry are of the old periodic type, 
powdered coal fired. Only two pyro- 
meter couples are installed, one at 
the bottom rear or burner end, and 
one at the opposite end about half- 
way up from the bottom. The ovens 
are fired on the indications of these 
couples, but since they indicate only 
furnace temperatures (not inside pot 
temperatures) and do not show the 
conditions in the extreme corners, 
more definite means of control are 
necessary. 

Extra test bars are cast with each 
heat, and from these are built up a 
stock all within narrow and normal 
analyses. From this stock of test bars, 
10 are annealed in each oven, these 
being packed at all of the extreme 
points. The positions are top and 
bottom pots in each of the four cor- 
ners, and top and bottom in the 
center. 

These bars are each given a bend 
test, a Brinell hardness test, and then 
examined under the microscope for 



























Fig. 3—Gas sampling tube and recording instruments. 





























Fig. 4—Close-up of draft-pressure gage and gas analyzer. 
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Fig. 5—Addition computetor. 










pearlite or cer-entite. From these 
indications firing is adjusted on the 
next heat. By this method faulty fir- 
ing practice is corrected before the 
effect is serious enough to affect the 
castings. 

Very small amounts of pearlite or 
cementite, although indicating faulty 
annealing, are not serious enough to 
affect physical properties or machin- 
ing to a noticeable extent. 

Plates I to IV show some of the 
structures that may be found in 
faulty annealing practice. These 
faults are shown in the order of the 
annealing cycle. 

Plate I shows what will be recog- 
nized as normally annealed malleable, 
showing only ferrite and temper car- 
bon, although it will be seen further 
on how, exceptionally, faulty malle- 
show this same micro- 


able may 


structure. 


Cementite 

Plate II shows a lack in the first 
stage of anneal, and indicates either 
too low a temperature in what is 
known as the soaking period, or too 
short a time at the temperatures at- 
tained. This is always shown by the 
presence of massive carbides or ce- 
mentite. 

The photomicrographs in Plate II 
etched by two 


show specimens 


Plate I1—Photomicrographs of mal- 
leable cast iron specimens showing 


massive cementite. Left — Nital 
etched. Below — Sodium  picrate 
etched. 


methods. The photomicrograph on 
the left is etched with the most com- 
mon reagent, nital, or 10 per cent 
acid in alcohol, which does 


nitric 
not differentiate between massive 
cementite and ferrite. Only the pe- 
culiar shape of grain boundaries will 
disclose the presence~-of carbides 
to the experienced metallographer. 
Massive cementite grains have pe- 
culiar curved boundaries, while fer- 
rite boundaries usually are straight 
lines. 

The sodium picrate etch, however, 
will tint the massive carbides gray 
and leave the ferrite white, as shown 
on the right-hand photomicrograph 
taken on the same spot as the left- 
This massive cementite 
in the second 


hand one. 
cannot be removed 
stage of anneal. 


Pearlite 

Plate III shows three examples of 
a lack in the second stage of an- 
neal. This fault usually is expressed 
as cooling too rapidly through the 
second stage, temperatures from 
1400° F. to 1300° F., approximately. 
This fault is evidenced by the pres- 
ence of pearlite. 

These three photomicrographs 
show three different degrees of this 
fault. The first is just enough to 





give warning, but probably will not 
be even noticeable in physical prop- 
erties or fracture. The second is ap- 
preciable and, although noticeable, 
probably would not be serious. The 
third, the known __bulls-eye 
structure, would cause a white or 
pepper-and-salt fracture and a seri- 
ous change in physical properties, 
evidenced by increased hardness and 
tensile strength with low bend and 
elongation. 

Plate IV shows a combination of 
lack in both first and second stage 
anneal, as evidenced by the presence 
of both massive carbides and pearl- 
ite, etched with nital and with so- 
dium picrate to show how the latter 
distinguishes the carbide from the 
ferrite by darkening cementite and 
leaving the ferrite white. 

Someone was in a big hurry to 
get this one annealed. They wanted 
it bad, and that is the way they got 
it—bad! 


Ferrite and Temper Carbon 

Returning to the fully annealed 
photomicrograph (Plate I) showing 
only ferrite and temper carbon. 
Once in a while (we have seen two 
cases in the last four years) a cast- 
ing is submitted that is of normal 
hardness but will break short under 
impact, and with a completely white 
fracture. 

When examined under the micro- 
scope, this casting shows complete 
anneal, only ferrite and temper car- 
bon such as this sample (Plate I). 
This defect is caused by cooling too 
slowly after the last stage anneal, 
or in what is known as the subcriti- 
cal range (below 1300° F.). This 
causes intergranular fragility, caus- 
ing the metal to break through the 


well 
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Plate |V—Massive carbides 

and pearlite are quite ap- 

parent in these photomicro- 

graphs of malleable cast iron 

specimens. Left — Nital 

etched. Right—Sodium picrate 
etched. 








grains instead of along the boun- 
daries as is normal. 

The normal break along the 
boundaries meets numerous temper 
carbon nodules, which gives the nor- 
mal black or mouse-gray fracture. 
The break through the grains meets 
only by chance a temper carbon 
nodule and causes the white frac- 
ture. This defect usually is caused 
by allowing a very large annealing 
oven to cool down from the last 
stage without removing doors o1 
providing some means of final rapid 
cooling. 


Reheating to just under the criti- 


cal range (about 1200° F.) and 


Plate itl—Photomicrographs of malleable 
cast iron specimens showing presence of 
pearlite in different degrees. 
Left—Slight pearlite structure. 
Below—Noticeable pearlite struc- 
ture. Right—Bull's-eye structure. 


quenching in water will restore 
metal of this kind to normal prop- 
erties, 

Usually, if continuous microscop- 
ical control is exercised and no 
drastic changes in annealing practice 
are made from one annealing heat 
to another, the defects discussed 
will appear only in negligible quan- 
tities and can be remedied long be- 
fore they become serious 


Summary 
To sum up briefly, adequate mal- 
leable control may be attained by 
judicious sampling for analyses, 
proper mixing and blending of pig 
iron and scrap to average out vari- 


ables, and by mixture control, melt- 
ing control and annealing control 
One of the most difficult and 
probably impossible feats in manu- 
facturing, as well as elsewhere, is to 
complete a series of operations twice 
in exactly the same manner. But 
how often do we hear in the plant 
“But exactly the 
same as it was yesterday.” Do not 


everything was 


we realize that if everything were 
exactly the same results would be 
likewise ? 

Control is simply the application 
of rules, habits, processes and ap- 
paratus to ensure, as closely as pos- 
sible, duplication of results. Even 
with control, exact duplication is 
seldom and only accidentally ac- 
complished, wherefore allowable va- 
riations in analyses and physical 
properties as well as in other specifi- 
cations 

By controlling just a few of the 
greater variables, a marked differ- 
ence will be noted in the regularity 
of results. 





























Wage incentive plans should be explained clearly and fully to shop men. 


HEN a wage incentive plan 

seems to be the answer to a 
problem of wage inequalities—and 
in almost every plant it is the 
answer—do not think that you can 
simply decide to have an incentive 
plan, and expect both management 
and workers to throw in together. 
All evidence must be available. It 
must be in black and white, clear 
enough for both to understand, and 
foolproof enough so that the money 
involved can always be properly ac- 
counted for. 

We all know that, basically speak- 
ing, an incentive plan gives extra 
pay for extra production—and if 
the incentive plan is functioning 
correctly it should and will encour- 
age that extra production. 

The question then arises: What 
incentive plan? There are several, 


and as many different ways of in- 
stalling them as there are engineers 
to do it. All systems are based on 
establishing a level, or normal 
amount of work done, and paying 
extra for work accomplished above 
and beyond this norm. 


Gain-sharing System 

First, there is the gain-sharing 
type of system. Under such a plan, 
a worker receives his compensation 
for extra production above average 
output for time involved, but at a 
rate of pay which allows manage- 
ment to share in the gain, under the 
principle that management had a 
great deal to do with making it 
possible for the worker to earn that 
extra, so there should be a split on 
the extra. 

For instance, if a man does 10 
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hours work in 8 hours, he is paid his 
entire rate for the eight hours, plus 
about 75 per cent of his regular 
hourly rate for the extra two hours. 
Management feels that it deserves 
the remaining 25 per cent for mak- 
ing it possible for the worker to 
speed up. For this reason, most 
unions do not like gain-sharing sys- 
tems, and they tend to breed much 
dissatisfaction. 

The worker feels, and justifiably 
so, I believe, that if he has produced 
more pieces in a shorter length of 
time, he is entitled to full pay for 
so doing, particularly since, as is 
obvious, the unit cost of each piece 
produced is lowered by a faster rate 
of production. 

Another system is called the “step 
bonus,” or the payment of a lump 
sum to the worker after a certain 
production level is reached. Yes, the 
bonus is an incentive,—to reach the 
level at which the bonus is paid— 
but not an incentive to increase pro- 
duction beyond that level 

Why should the worker exert 
himself? He gets no more money 
after the bonus level. This step 
bonus plan can be discouraging to 
those workers who do not have the 
ability to reach the bonus level, and 
who finally become disheartened 
and quit trying. 

Still another is a “group incen- 
tive” plan, used mostly when it is 
impossible, because of the nature of 


* Sound incentive systems mean 
increased production . . . more 
“take home" pay for workers, 
decreased cost for management. 
Confidence must be _ estab- 
lished by accurate basing and a 
full, clear explanation of the 
° 


advantages red 7 the par- 
ticular wage incentive plan 
selected. 
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the work involved, to measure the 
output of a single employee. The 
production of a group of employees 
is measured, a norm is set up and 
over-production is paid for on the 
output of the entire group. It is 
then divided equally among the in- 
dividuals in proportion to their 
weekly earnings. 

This system depends almost en- 
tirely upon the type of people mak- 
ing up that group. If the workers 
get along together, if there is no 
animosity within the group to start 
with, a group incentive plan can 
work out successfully. A group in- 
centive plan encourages the work- 
ers to be more closely united. It 
teaches them to work together, to 
give help and advice where needed 
and, in some measure, reduces favor- 
itism and the handing out of 
“gravy” jobs. 

Here individual jealousies, a fac- 
tor to be contended with and mini- 
mized, are considerably reduced. Of 
course, a group incentive should be 
applied only where it is impossible 
to measure the work of individuals. 

Some systems go a step further 
than group incentives and become 
plant-wide incentives. These are 
employed only when a plant wishes 
to install an incentive system im- 
mediately, and as a temporary 
measure until a smaller group or 
individual incentive system can be 
set in operation. 


Standard Time Plan 

I like the incentive plan which 
pays the individual a bonus, based 
on an unchanging unit, namely, 
“standard time.” The “standard 
time” is the number of minutes or 
hours in which a given task should 
be completed. 

Because this plan is so simple and 
yet so efficient, I believe that it is 
the incentive bonus plan which does 
have all the answers—the plan 
which is fair to management, fair 
to workers; it is the most direct way 
of measuring the output of an in- 
dividual, and recompensing him ac- 
cording to his ability. 

Management is offering workers 


a five-dollar bill for 50 cents, so to 
speak, but management has all the 
evidence in using a system of in- 
centive based on standard time— 
evidence that it is not buttering up 
the. workers for a good roasting. 
And if unions offer that plan to 
management, they too have the 
same valid arguments. Unions of- 
fer more production, and conse- 
quently more profit; they receive in 
exchange a higher rate of pay com- 
mensurate with individual ability. 

It should be stressed that the 
justification for any incentive plan, 
the value of it, the fairness of it 
under any given set of circum- 
stances, depends upon the way it is 
set up. It must be airtight and fool- 
proof—and I believe that a bonus 
incentive paid on the basis of an 
accurate measure of standard time 
is just that. 


Operation Timing 

Timing of any operation has 
earned for itself a bad name. Many 
unions have complained, and with 
more than a small measure of justifi- 
cation, that some methods of timing 
or “speed-rating” are simply ways 
of eventually lopping off the pay 
check. 


This is because the original stand- 
ard time set for an operation was 
not set accurately and carefully. 
This is what happens. Those few of 
management who have been taking 
every possible means to cut salaries 
insist on re-timing an operation fre- 
quently. 

In so doing they are careful to 
pick the fastest man and set the stop 
watch by his speed. As a result, the 
supposed “average” or normal pro- 
duction which the other workers are 
supposed to exceed in order to re- 
ceive a bonus is really top speed 
rate, higher than only the best man 
can ever hope to reach. Therefore, 
no bonus is paid. : 

Unfortunately, some have gone 
even further. As soon as operators 
have stepped up their output to 
earn their bonus, even though the 
timing has been set at somewhere 
near the normal level, management 
has stepped in and, on some excuse 
or other, re-timed the operation, 
and reset the norm on the basis of 
stepped-up production. 

This does not imply that manage- 
ment as a whole should be blamed 
for what a few of the more un- 
scrupulous have done to abuse a 
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good plan. However, if an efficient 
job is to be done in setting a stand- 
ard time, it must be done on the 
basis of the conditions and methods 
of performing the operation. 

This does not mean the operation 
as it is running now but the opera- 
tion after it has been studied and 
perfected—after it becomes certain 
that with present knowledge that 
operation is being performed at a 
normal rate of efficiency 


Production Factors 

Every one of us knows that work 
of any kind is accomplished with the 
least fatigue under these three con- 
ditions: 

1. When an operator attains 
form in operation, when he can 
complete an operation with ease 
and facility, he can accomplish re- 
markable results with minimum 
fatigue. 

2. If an operator is interested, he 
can endure temporary strain with- 
out harm. 

3. It is always easier to accom- 
plish a definite task than to accom- 
plish the same work without pre- 
determination. 

For a given time, a definite re- 
sult should be set. Furthermore, 
that time should be so set that an 
average good operator can beat it 
easily. Thus he can develop form 
and interest in the operation in a 
double manner—first, by beating the 
time, and second, by receiving 
a reward. 

For the purpose of figuring the 
bonus, the efficiency of the operator 
is measured by dividing the stand- 
ard time by the actual time; that 
is, taking the time set as efficient for 
the job and dividing it by the time 
in which the individual operator 
does it. For purposes of converting 
the figure into a percentage, it is 
multiplied by 100. The answer is 
the percentage of efficiency on a 
time basis. 

Basis of Bonus Payment 

Next comes the actual bonus it- 
self. We have set the standard time 
of the operation and have found the 
efficiency percentage of the opera- 
tor. Just how much money does the 
worker get after stepping up his 
work ? 

First, it must be remembered that 
since the basic unit is the hour, and 
all measurements are made on a 
time basis, changes in wage or wage 
rates do not affect the efficiency 
calculations—nor does the compari- 
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son of one period with any other 
period affect it. 

Furthermore, the comparison be- 
tween a machine molder and a pat- 
tern maker is fair because they are 
measured on the same _ universal 
basis, standard time. 

It is obvious that when the actual 
time and the standard time are the 
same, performance is 100 per cent. 
Our organization has used and en- 
dorsed the system that bonus pay- 
ments start at 80 per cent efficiency; 
first, because we believe the 80 per 
cent line offers an inducement to 
the worker to reach standard time 
and exceed it; and second, because 
such a margin takes care of fatigue, 
error and other allowances. Stated 
bluntly, we are none of us perfect, 
and it is only fair that the figures 
show it. 

For each one per cent increase in 
efficiency the worker receives one 
per cent of his pay period straight 
time pay as a bonus. Thus at 100 
per cent average efficiency, he re- 
ceives 20 per cent of his pay period 
straight time as a bonus, and at 120 
per cent efficiency he receives 40 
per cent of that pay as a bonus. 


Job Standards 

It can be seen by this that no 
matter what the fluctuation of the 
base wage scale, this bonus rides 
right along with it. And this works 
out so that each worker is paid for 
all the time he saves. 

Furthermore, since the standards 
set are basically correct, since they 
have been handled with as much 
care as is humanly possible, there 
are no easy jobs and there are no 
hard jobs. Each job’s standard is 
fixed according to the job itself, 
each standard is individual and is 
not influenced by another job. 

This eliminates any human tend- 
ency of an operator to push hard 
on the easy job so as to get more 
money, and to lose interest in the 
hard job. Since his bonus is based 
on his pay-period efficiency, he will 
plug hard to maintain a high pay- 
period efficiency. 

The same standards apply to a 
beginner as to a skilled worker. As 
a beginner approaches and passes 
80 per cent efficiency, he receives 
his bonus based upon his lower 
hourly rate, just as a skilled worker 
would receive it on his higher rate. 

Such a bonus focuses the atten- 
tion of both worker and the man- 
agement on time, output, and quan- 


tity instead of rates. The hourly 
and daily wage rates are established 
by bargaining and job evaluation, 
and when set usually remain station- 
ary for some time. 


Re-timing Unnecessary 

If the original setting of the 
standard time has been handled 
with care, there is no need for, no 
reason for the frequent re-timing 
that workers so much resent. There 
is no opportunity to readjust the 
efticiency level and make it higher 
if the workers themselves have, be- 
cause of the incentive, raised their 
own efficiency. Efficiency is set on 
the job itself, and as far as possible 
on human capabilities, not on _his- 
torical records of this job, nor on 
pace-setting performances. 

These standard times should be 
studied and set by an unbiased 
agency—an engineer or group of 
engineers employed by the firm only 
for this job. If this is done, neither 
management nor labor can com- 
plain that one or the other set it 
up to suit one faction and thwart 
the other. 

How is the bonus paid? It is 
figured on the basis of the worker’s 
average efficiency over a pay period, 
his average straight time earnings 
during that period. Obviously, the 
average is taken to save an immense 
amount of clerical work, and there 
is, therefore, only one calculation to 
be made for each worker at the end 
of each pay period. 

For psychological reasons, the 
bonus should be figured and paid 
separately from the guaranteed pay. 
Let the worker see in black and 
white right on his pay record just 
how much he has earned over and 
above his salary. 

It is inevitable that he will talk 
it over with some of his friends in 
the plant—and inevitable that he 
will learn how his ability compares 
with the others. If he is satisfied 
with the original timing of his job, 
satisfied with his job, then he knows 
it is absolutely up to him as to how 
much “take home” pay he gets. 


Worker Efficiency 

Of course, the job order shows 
the standard time for the job the 
worker is doing at any given 
moment. He can figure his own 
efficiency at any time, check and 
compare it with the record in his 
pay envelope. 

Because a worker’s efficiency goes 
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up, this does not and should not 
lower his basic hourly rate of pay. 
He is guaranteed this hourly rate as 
long as he is in good standing and 
has been asked to report for work. 
The only relation the bonus has to 
the hourly rate is in that the per- 
centage of efficiency is paid for in 
direct relation to this established 
rate for his job. 

We have been discussing the ad- 
vantage that an incentive plan, 
properly handled, has for workers. 
But, what about management? No 
doubt about it, management is just 
as satisfied as the worker who sees 
his pay envelope swell by dint of his 
own efforts. 

A good bonus system reduces unit 
labor cost and reduces the total unit 
cost by distributing overhead over a 
greater output. Furthermore, it pro- 
vides a means of direct comparison 
of the efficiency of the workers, de- 
partments as a whole, divisions, and, 
yes, even a direct comparison of en- 
tire plants. 

Naturally, such a comparison is 
invaluable to management in get- 
ting an accurate picture of just what 
is happening, even to the most re- 
mote detail of any job. 


Basis of Wage Increase 

Another point in direct relation 
to the lowered unit cost is the fact 
that lower unit cost is the only 
basis on which the War Labor 
Board grants an increase in wages. 
Therefore, with an incentive plan 
in good operating order in the plant, 
wages can be increased, but in terms 
that are commensurate with the 
worker’s ability. Because the worker 
himself is responsible for lowering 
the unit costs, i.e., by increasing his 
own production, therefore, the 
worker himself is responsible for his 
own pay increases. 

I cannot say too strongly that 
close cooperation between all con- 
cerned is absolutely necessary to 
make a success of any wage incen- 
tive plan. If both management and 
workers know what the other fellow 
is up to—if all parts of the affair are 
down in black and white in simple 
language for everyone to under- 
stand, we will find that a sound 
wage incentive plan wiil be accept- 
able. 

From the first moment a manage- 
ment decides to install such a sys- 
tem, not only must the unions in- 
volved be ‘consulted, but the indi- 


vidual worker must be informed. A 





H 


p! 





H. REITINGER 


printed outline, clearly organized, 
and understandably written, is al- 
vays helpful. 

Before a man’s job is investigated 
ind analyzed in order to determine 
the standard time for the operation, 
the worker himself should be con- 
sulted for suggestions. Perhaps there 
is a difficulty about the operation 
which he would like straightened 
out. Perhaps he has an idea for im- 
provement of the operation, but has 
had neither the time nor quite 
enough knowledge to go about mak- 
ing that improvement. 

A wise, thorough engineer can 
help him. It must be explained to 
the worker that the reason his job 
is being timed is to ascertain a time 
within which the job can be com- 
pleted with maximum efficiency 
that it is not being done in order to 
cut his pay, but in order to help him 
earn more money. 

If this is done, nine out of ten 
workers will throw in with the man- 
agement and end up by being as 
eager and interested in the whole 
project as the originators. 


Operating Delays 

Once an incentive system is in- 
stalled, delays to operators and 
machines must be avoided. If there 
is a bonus awaiting “Joe” while he is 
working, he is not going to be very 
happy about sitting around waiting 
for work. 

It is always wise to check the of- 
fice or desk from which the plan- 
ning, scheduling and dispatching of 
work comes. See that they keep 
ahead of the worker, keep him busy 
with just as much work as the man 
wants and can take. 

Needless to say, the machine set- 
up must be done correctly, and so as 
not to interfere with the worker. 
The work in process should be well- 
timed so that if one man is depend- 
ent on the output of another to get 
his work, he need not be delayed. 
Arrange it so that the man who 
would ordinarily be waiting for 
work because he is faster, is able to 
get his material from a second per- 
son when he needs it. 

The question of preventive 
machine maintenance is always 
present. A breakdown in a machine 
is quite a sour proposition to the 
worker if it means a breakdown in 
his bonus as well. 

When I outlined the setting of the 
standard time for an operation, I 
mentioned that there should be lit- 


tle need for re-timing a process if 
the original work has been done 
with care and skill. I did not am- 
plify it at that point, because | 
wanted to bring it up again here, 
under this general series of cautions. 


Occasions for Re-timing 

As previously stated, frequent re- 
timings are unnecessary. There are 
occasions when, say, improvements 
in the machine or methods or both 
have been installed and the opera- 
tion can be accomplished in a much 
faster time than before—and I re- 
peat, because and only because im- 
provements have been made, not be- 
cause the man has attained a higher 
degree of efficiency, is re-timing in 
order. 

If the improvements have been 
installed through the initiative of 
the management, then, having gone 
through the proper channels, the 
job should be re-timed. However, 
this should not result in a loss of 
pay for the worker; if it does, it is 
evident that either the new time or 
the old is inaccurate—and it will 
mean a most disgruntled employee. 

If the improvement has been in- 
stalled through the interest of the 
employee—if he has suggested or 
designed the improvement, then he 
should have the credit for it, if it 
is even in the least traceable to him. 


Lump Sum Payments 


Perhaps the management may 
find it the wisest plan to pay the 
employee a lump sum for the im- 
provement, equal to what his earn- 
ings would be if he were paid on the 
basis of his new output and his old 
standard time over a period of one 
year—in other words, a year includ- 
ing what he would normally receive 
on an average, plus the bonus, pay- 
able at the same rate, on the differ- 
ence between the old and the poten- 
tial new output. 

Then the operation can be re- 
timed without any hard feelings, 
and the actual normal rate of the 
man and machine will be in keep- 
ing with normal rates on other 
machines that have not had a major 
improvement. 

Some companies may prefer to let 
the man increase his own bonus by 
allowing him to work on his old 
standard time and step his produc- 
tion above standard as much as the 
improvement will let him, taking his 
proportionately increased bonus. I 
rather like the former method; it 
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prevents jealousies being continued 
over a long period of time. 

Still another problem almost al- 
ways offers itself whenever and 
wherever an incentive system is in- 
stalled. And it is— what shall we 
do with the day workers—workers 
whose jobs cannot be figured on the 
basis of operations——- workers who 
are just as vital to the production 
of the plant, and yet whose output 
cannot be easily measured? 


Day Workers 

Consider the case of a cupola ten- 
der, for instance. How can he be 
placed on an incentive basis; one 
which is commensurate with his 
ability? How can he be paid a 
bonus for extra production? 

That question is not as much of 
a poser as it may seem, even though 
it is getting rather close to another 
subject, that of job evaluation. It 
can be answered with little detail 
that in such cases, if a man’s job is 
evaluated carefully, not of course on 
a standard time, but estimated, 
evaluated, he will be getting an 
hourly rate commensurate with his 
ability and skill. 

However, that does not 
pletely settle the day worker’s lot. 
If the rest of the plant are on in- 
centive pay and have stepped up 
production, the day worker also 
must work harder, step up his own 
production to keep pace with the 
incentive workers. 

In a great many cases, and with 
much to be said for their point, 
unions have fought for and won ex- 
tra-production pay for day workers 
who are employed along with work- 
ers on incentive pay. In other 
words, suppose production had, as 
an over-all picture, increased 35 per 
cent among incentive workers. The 
day workers, who must also have 
stepped up production, should also 
receive extra-production pay 
amounting to the same percentage. 


, 


com- 


Summary 

Establishing a good, sound incen- 
tive system in a plant means that 
production is increased, “take 
home” pay is increased, profit is in- 
creased, and, of course, costs are 
decreased. Workers are paid on the 
basis of the amount of work they 
can do accurately in a set period 
of time. 

In other words, the individual 
worker is paid commensurate with 
his ability. To take care of a re- 
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sulting discrepancy, day workers are 
brought up to correspond to the 


over-all percentage of increased pro- 
duction. I advocate incentive plans 


if they are sound and workable. I 
heartily endorse them and hope to 
see the day when they are installed 
in all plants where it is possible to 
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do so. To my mind, it is a great 
forward step in industry to recognize 
by a pay check the differences, the 
variations in ability of all men. 





Equipment Trends in 


PRECISION CASTING 





* Precision casting, as a means of producing intricate 
castings to close dimensional tolerances and elimi- 
nating slow and costly machining operations, has 
proved itself in war production. Equipment and 
methods developments indicate extensive post-war 
applications of the precision casting process. 


By Capt. A. J. Dore, 
Chicago Ordnance District, 


Chicago 


OST foundrymen are quite 
M familiar with the general 
procedure involved in pre- 
cision casting. Several excellent 


articles on the subject have been 
published by Neiman’ and others. 


Table shows an outline of the 
principal steps involved. The first 
step is the manufacture of patterns, 
which differ from those used in 
normal foundry practice because a 
pattern is expended for each cast 
made. This means that an inex- 
pensive method must be used for the 
production of the patterns. 


It also follows that no matter how 
inexpensive these patterns become, 
they are almost sure to cost more 
than the amortized cost of the single 
pattern used in normal foundry 
practice. The justification for this 
expense and all the other new ex- 
penses is the reduction or total 
elimination of machining which fol- 
lows from their use. 

In general, the pattern material 
is either wax or plastic. Wax is 
more common, and comes directly 
from the dental and jewelry prac- 
tices. The plastic pattern is a new 
addition to the pattern family, and 
was introduced by industry. In gen- 
eral, the use of wax permits a 
lower initial investment, since inex- 
pensive wax injection machines are 
available, whereas with plastic pat- 
terns, a plastic injection molding 
machine must be used. 

In addition, low cost injection dies 
for the production of wax patterns 
can be made by casting a low-melt- 
ing alloy around a master pattern, 


as compared to the high cost of 
making a plastic injection die. 

This cast die technique for wax 
pattern manufacture is a direct take- 
off from dental practice. The first 
step is shown in Fig. 1A. A master 
pattern (5) is carefully placed in 
modeling clay to its parting line in 
one half of the die set. As shown in 
Fig. 1B, fusible metal (6) is poured 
over the master pattern to form one 
mold half. After cooling, the model- 
ing clay is removed and replaced 
similarly with the fusible metal. 

The result is a die for wax pat- 
tern production which is suitable for 
small production. By adding the 
following additional step, higher 
temperature alloys and pressure can 





be used to obtain a more durable 
die. This step comes between A 
and B (Fig. 1), and consists in fill- 
ing space (6) with a hard-setting 
plaster material. After the plaster 
material has hardened ('/2 hr.), the 
die is inverted, the modeling clay 
removed, and molten alloy metal 
substituted. 

Pressure is applied to the molten 
alloy until solidification occurs. This 
completes the first half of the die 
The plaster material is then thor- 
oughly removed from the pattern 
and the half of the die which has 
just been completed; their surfaces 
are dusted with graphite and again 
molten alloy is poured in and placed 
under pressure until solidification is 
complete. The die is now completed. 

This type of die, while not gen- 
erally recommended for the produc- 
tion of highly accurate parts in large 
quantities, does stand up remark- 
ably well when properly supported 
and used. 

A die for the plastic patterns is 
generally produced by standard tool- 
room methods and gives a fairly long 
life. Each injection with the plastic 
injection machine results in one or 
more complete patterns. This is not 
necessarily the case with wax pat- 
terns, due to the large shrinkage 
which occurs in the wax. The solu- 
tion to this problem consists of mold- 
ing wax inserts for the thicker sec- 
tions. These are inserted cold into 
the appropriate position in the pat- 
tern die to reduce the shrinkage in 
these troublesome thick sections. 

It is always necessary that great 





Patternmaking 


Wax Plastic 


Master pattern Metal die 
Metal die Injection mold 
Injection mold 
pattern (1 or 
more steps) 
Assemble 


Dip Coat 
Prepare dip coat 
Dip 
Sand 


Assemble 


Mounting 


Wax cement pattern to base (metal 
or rubber) 

Asbestos liner 

Wax cement container to base 


Ceramic Mixing 


Mix investment solids 
Mix investment liquids 
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Investing 
Coated Uncoated 

Mix investment Mix investment 
Invest Invest and tamp 
Tamp Tamp 

Drying and Heating 

Wax Plastic 

Air dry Air dry 


Casting 


Cleaning 


Melt pattern out Burn pattern out 
Heat to casting Heat to tempera- 
temperature ture 


Gravity Pressure Centrifugal 
Melt Melt Melt 
Pour Pour Pour 


Press out invested cast 
Cut-off 

Sandblast 

Clean 

Finish machine 
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Fig. |—Patterns used for wax pattern manufacture. Top (A)—Pattern placed in mold- 
ing clay in one half of the die set. Bottom (B)—Fusible metal poured over the master 
pattern to form one mold half. 


care be 
the feeders for the injection of the 
(this applies to 


given to the placement of 
pattern material 
plastic as well as to wax patterns) so 
as to achieve directional solidifica- 
tion beginning with the portions 
furthest from the feeder and ending 
with the solidification of the feeder. 
This reduces the tendency towards 
incomplete patterns which happens 
whenever solidification occurs first 
between the feeders and more re- 
mote portions of the pattern. 


Figure 2 shows a production type 


Fig. 2 (Below)—A production type wax injection machine. 


Fig. 3 (Right)—Lubricating a die to ease pattern removal. 


wax injection machine. The square- 
shaped container in front of the 
operator holds the molten wax. The 
operator’s right hand is on the hand- 
operated hydraulic pump which pro- 
vides the die clamping pressure, and 
the left hand is on the die blocks. 
Close control of wax temperature 
and injection pressure is maintained. 

The dies are carefully inspected 
for cleanliness before each opera- 
tion. Any residual wax is removed 
by brushing with carbon tetrachlo- 
ride. Figure 3 shows the operator 


Note block of dry ice for cooling die. 
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lubricating the die prior to the in- 
jection molding operation to facili- 
tate removal of the pattern. In front 
of the operator is a block of dry ice 
used to prevent the mold from be- 
coming too hot. 

In making plastic 
standard plastic injection molding 
machine is in general use. The plas- 
tic powder is fed from a hopper 
into a heating chamber, where it is 
heated to a closely controlled tem- 
perature. From this chamber, the 
liquid plastic is automatically fed 
into the die with each operation. 
The cyclic time is controlled by the 


patterns, a 


operator. 

Several generally 
mounted on a sprue—either directly 
or through intermediate risers and 
runners such as shown in Fig. 4. 
Attainment of the maximum output 
per mold is even more necessary for 
investment casting than for normal 
foundry casting due to the high cost 
of the investment material. Patterns, 
sprue and feeders, both wax and 
plastic types, are cemented together 
by first using a heated knife or 
spatula to wet the mating surfaces 
and then holding them in contact 
until setting is completed. 

Most manufacturers use a dip coat 
on the pattern and back it up with 
investment. This undoubtedly per- 
mits the use of a less expensive in- 
vestment than would be the case 
without it. Coarser investment ma- 


patterns are 
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terials are also used, resulting in 
greater porosity which, in turn, cuts 
down the drying time for the invest- 
ment. 

This dip coat consists of silica 
flour suspended in a suitable binding 
liquid. The patterns are dipped into 
it by hand and then sanded to pro- 
vide a coarse surface with which 
the investment can readily form a 
bond. They are then allowed to 
dry for 2 days. 

After drying, the dip-coated pat- 
terns are generally mounted on a 
steel plate. This is accomplished by 
pouring hot wax on the plate to 
form a thin, tacky coating on which 
the pattern assembly is placed so as 
to rest on its sprue. 


Some concerns have used a rub- 
ber base with a pre-formed hole, 
which fits snugly about the sprue 
instead of the metal plate. In this 
case, a small amount of hot wax is 
poured around the edge of the sprue 
to insure a perfect seal between the 
rubber and the sprue, since even a 
slight leakage of the investment 
after pouring would leave weakened 
areas within the investment. 


A metal flask, which can with- 
stand high temperatures, is then 
lined with a waterproof paper which 
extends about 3 in. above the top 
edge. This lined flask is then placed 
on the base (steel or rubber) plate 
and cemented thereto with hot wax 
to prevent leakage of the investment, 
as was the case with the junction of 
the rubber base and sprue. 


Ceramic Mixing 

The investment material in all 
cases consists of suitable refractories 
mixed with a liquid binder. The re- 
sulting investment must possess 
adequate strength at the pouring 
temperature and must not react 
chemically with the molten metal. 

This is especially important with 
precision castings, since no allow- 
ance is made for finish machining 
to remove any surface defects, 
whether chemical or physical. Sili- 
con-dioxide sand, in general foundry 
use, is also the common solid used 
in precision castings. Magnesium 
oxide is sometimes added. 

The sieve sizes of the solid ma- 
terials must be closely controlled. If 
they were all of one large size, the 
voids would be too great. If the 
percentage of fines is too high, 
cracking of the investment occurs 
due to the surface absorption of a 
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Fig. 4—Several patterns can be mounted on a sprue directly or through intermediate 
risers and runners. 


large quantity of binder, the high 
shrinkage of which causes cracks. 

Those manufacturers who do not 
use a dip coat require refractories 
which have a higher percentage of 
fines in order to achieve the same 
surface finish. However, since both 
the dip coat and the investment 
materials are very complex subjects 
and were thoroughly covered by 
Glaser,’ their detailed discussion will 
be omitted. The actual mixing 
equipment required is very simple. 
Tumbling barrels and mullers are 
commonly used. 


Investing the Pattern 

The patterns mounted within the 
flask are now placed on a tamping 
or jogging table. The investment is 
slowly poured around them with a 
scoop while the jogging tends to 
eliminate air bubbles which may be 
entrapped in the investment as a 
result of either the mixing or this 
pouring operation. 

Most of the manufacturers fill the 
flask plus about 3 in. of additional 
height; the additional height being 
achieved by means of the aforemen- 
tioned waterproof paper liner which 
is around the inside of the flask. 
However, other manufacturers use 
longer flasks to start with. The 
jogging is continued for at least 45 
min. until the solids have settled 
and have been closely packed around 
all portions of the pattern. 

The flasks are allowed to rest 
quietly until setting is completed, 
whereupon the top 3 in., which ex- 
tends beyond the flask, is cut off 
with a knife and discarded. This 
removes the extremely hard, dense 
outer surface and exposes a portion 


of a more permeable surface, which 
facilitates drying. Even with this 
assistance, a minimum of 8 hr. is 
required for drying. The base plates 
are now removed. 

A steam table, which has open- 
ings about the size of the sprues, is 
used to remove the wax-type pat- 
terns. The flasks are placed on the 
steam table, with their sprue ends 
down and in line with the table 
openings, thus permitting the steam 
to melt out the wax. For all prac- 
tical purposes, the steam licks the 
wax out, and avoids heating the 
entire body of wax at one time, thus 
eliminating the possibility of the 
wax pattern expanding and crack- 
ing the investment. 

This differs from the procedure 
with plastic patterns which are 
burned out. With a plastic pattern, 
the entire mold must be heated so 
that it expands at the same rate as 
the pattern in order that investment 
cracks may be avoided. When the 
ignition temperature is reached, the 
plastic pattern burns. The plastic 
is thus a total loss. 


Investment Expansion 

However, the melted wax pattern 
is caught and can be used for sprues, 
runners, gates and risers. Only new 
wax is used for the pattern itself 
The molds are then placed in an 
oven, still in an inverted position, 
that is, with the sprue end down, 
and very carefully brought up to 
pouring temperature. 

The slow heating is necessary in 
the lower temperature range to pre- 
vent a violent evolution of the resi- 
dual volatile constituents which 
would cause breakdowns. In the 
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Fig. 5—An expansion curve for a silicate 
investment bonded with ethyl silicate. 


higher temperature range, there is 
the problem brought up by the ex- 
pansion properties of the investment. 

A typical curve for a silicate in- 
vestment bonded with ethyl silicate 
solution is shown in Fig. 5. It will 
be noted thatthe expansion is fairly 
constant, but high from about 
392-1112° F. (200-600°C.). Be- 
tween 1112 and 1472°F. (600 to 
800° C.) there is an actual shrink- 
age of the investment. Naturally, 
the temperature rise through these 
regions must be carefully controlled 
if cracks are to be avoided. 

Any wax not removed by the 
steam burns out during the early 
part of this heating cycle. Obvi- 
ously, the final or pouring tempera- 
ture depends upon the composition 
of the metal which is to be poured. 

Some of the factors which are 
partially controlled by the tempera- 
ture of the mold at the pouring time 
are allowances for the contraction of 
the metal from its solidification tem- 
perature to room temperature, grain 
size due to the amount of chill per- 
mitted, etc. 

In dental and jewelry practices, it 
is customary to melt the casting 
metal by means of a gas torch. Na- 
turally, with industrial alloys which 
are easily contaminated, this method 
has been superseded. Melting is 
generally done in either an arc 
furnace or an induction furnace. 

The time per melt varies greatly 
with the different plants. Some 
manufacturers using induction melt- 


ing strive to keep their melting time 
down to about 1 min. Such a short 
time undoubtedly contributes to easy 
control of chemistry. The super- 
charger plant using arc furnaces re- 
quires about 20 min. for each melt. 
The metal is generally super- 
heated 300 to 500° F. The exact 
amount depends on the complexity 
of the casting, its size, the grain size 
required, etc. In general, the low- 
est practical value is used and con- 
trolled by an optical pyrometer. 


Pouring Methods 

Three methods of pouring are in 
general use. The standard gravity 
head pouring, with which foundry- 
men are familiar; pressure casting, 
in which air pressure is applied to 
add an artificial gravity head; and 
finally, the centrifugal method, 
which is taken directly from the 
dental and jewelry practices. 

Figure 6 shows the combination 
of an electric arc furnace in con- 
junction with pressure casting. The 
mold is mounted on top of the 
furnace with the sprue end down 
and lined up with the pouring mouth 
of the furnace. Note that the fur- 
nace is mounted on trunnions so 
that it can be rotated, and that the 
electrodes enter the furnace through 
these trunnions. An _ air-pressure 
connection is supplied at the bottom 
of the furnace. 

In operation, the metal is first 
melted and properly superheated. 
The mold with furnace is then 
rotated about the trunnions, thus 
permitting molten metal to fill the 
mold by gravity. Air pressure is 
then applied through the furnace, 
and thus adds an artificial gravity 
head to the metal in the mold to 
achieve a dense, well-defined cast- 
ing. This is the type of setup used 
by the supercharger plant in the 
production of supercharger buckets. 


Centrifuging Machine 

Figure 7 shows a modified dental 
centrifuge. The mold (7) is mount- 
ed at the extreme end of pivoted 
arm (11). The pouring crucible (8) 
is placed against the mold so that 
the molten metal, represented by 
dotted lines (13), will pour into the 
sprue opening due to centrifugal 
force when the unit is rotating. In 
addition, the arm (11) which holds 
the crucible and mold is pivotally 
mounted to the arm (1) which is 
the power driven rotating member. 

Figure 7B shows the relative posi- 
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tions of the arms during the melting 
period just prior to centrifuging. 
Figure 7C shows the relative posi- 
tions of the arms during centrifuging 
—the molten metal has left the 
crucible, entered the mold and has 
centrifugal force acting on the metal, 
as shown by arrow (5), thus giving 
the effect of a high pressure head. 
Figure 8 shows another type of 
centrifuge which is somewhat akin 
to standard foundry centrifugal cast- 
ing machines, An induction furnace 
is mounted on top. The centrifuge 
itself is completely inclosed for the 
protection of the operator in case 
of mold breakdown. When the 
metal is. properly superheated, the 
furnace is tilted to pour through the 
center opening in the centrifuge. 


Figure 9 shows the inside of the 
centrifuge. The center pouring cup 
is just below the center opening in 
the top of the centrifuge. Conse- 
quently, when the furnace is tilted 
the molten metal flows down into 
this pouring cup and then outward 
into molds which are mounted on 
each side. In operation, the centri- 
fuge would be rotating rapidly prior 
to pouring. The design is arranged 
so that the pouring cup and the 
molds can be lifted from the pre- 
heating furnace and set in place 
with a pair of tongs. 

Figure 10 shows the centrifuge 
with the pouring cup only in place. 
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Fig. 6—An electric arc furnace used in 
conjunction with pressure casting. 
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Note the adjustment on each side 
to take care of various lengths of 
molds. 

In all cases, the metal is allowed 
to freeze before changing the mold 
conditions. In gravity casting, the 
mold is left untouched; in pressure 
casting, the pressure is maintained 
until solidification occurs; and in 
centrifugal casting, the centrifuge 
rotates until solidification is com 
plete. 

The invested casting is removed 
from the flask 
from a hammer or by pressing it out 


with a few blows 


on an arbor or kick press. Tapping 
with a hammer removes most of the 
investment, but a considerable part 
of the dip coat remains. The sprue, 
gates and risers are then cut off and 
discarded. The castings are then 
cleaned by sand blasting, tumbling 
or shot blasting. Necessary finish- 
ing, such as grinding off stems re- 
maining from the cut-off operation, 
chasing threads, etc., is then per- 
formed. 

dealt 
with in this presentation, as it is a 


Inspection has not been 
fit subject for a paper in itself 

especially if x-ray inspection, as used 
in supercharger bucket production, 
is included. It is also unnecessary 
to give a description of the inspec- 
tion equipment used in order to 


understand the manufacturing steps. 

A more detailed examination ol 
the equipment involved in the pro- 
cess may be helpful. The first step 
of the process, as previously dis- 
cussed, is making the pattern. It 
might be mentioned at this time that 
the pattern itself is the greatest single 
variation. 


source of dimensional 


Figure 2 shows one of the more 
elaborate present day wax injection 
machines. Its greatest lack of con- 
trol is in the temperature of the die 
blocks. 

Figure 3 shows the dry ice which 
is kept near the machine, and is used 
to prevent the die from getting too 
This 


crude arrange- 


hot when in continuous use. 
is certainly a very 
ment, not subject to close control, 
and which will certainly be improved 
in the future. The hand-operated 
pump could also be readily replaced 
by an improved arrangement. 

The same comment about lack of 
die temperature control applies to 
the plastic injection equipment. The 
die temperatures are not controlled 
and must contribute substantially to 
which are 
For ordin- 
ary production, this undoubtedly has 


the pattern variations 


commonly encountered. 


no significance, but for the produc- 
tion of precision casting patterns it 


will undoubtedly 


be good business 
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Fig. 7—Modified dental centrifuge. 
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Mold (7) is mounted at end of pivoted arm (11). 


Pouring crucible (8) placed against mold (7) so that molten metal (13) will pour into 
sprue opening due to centrifugal force when unit is rotating. Arm (11) mounted to 
arm (1) which is power-driven rotating member. Fig. 7B—Relative positions of arms 
during melting period prior to centrifuging. 


Fig. 72—Relative positions of the arms 


during centrifuging. Fig. 70—Standard centrifuge. 








Fig. 8—Another type centrifuge with an 
induction furnace mounted on top. 


to install temperature controls 


The development of a method for 
molding hollow plastic patterns is 
nearing completion. When 
pleted, this method is expected to 
shrinkage and 


com- 
reduce the conse- 
quently the shrinkage variations as 
well as the tendency for the plastic 
pattern to crack the investment by 
expansion just prior to burn out, 


Pattern Assembly 

As mentioned previously, the wax 
or plastic patterns are assembled to 
the sprue, gates and risers by using 
a heated knife. For large produc- 
tion, this could certainly be made 
more automatic by at least position- 
ing these fixtures, 
touching all the assembly spots in a 
given 
heated plate and then assembling 
mating fixtures, and thus substan- 


components in 


fixture at one time with a 


tially reduce the labor requirements. 

The dip coat and the investment 
materials are presently handled 
without close controls. This is un- 
doubtedly responsible for some of 
the rejections due to investment 
cracking which later occurs. For 
example; the sands, as supplied to- 
day, do not meet any rigid grain- 
size specifications. A no. 60 sand 
is merely a sand which has been in 
a ball mill for a specified time. Since 
the sand did not initially meet any 
particular specification, it is obvious 
that the resulting sand also will not 
meet any rigid specification. 

This sore spot is currently handled 
by inspection of various sand lots, 
and selecting and using only those 
which come within the range which 




















Fig. 9 (Top)—The inside of the centrifuge shown in Fig. 8. Molds on each side of 
pouring cup. Fig. 10 (Bottom)—Centrifuge with pouring cup in place. 


is felt to be usable. Naturally, this 
is an unsatisfactory procedure. It 
would be easy to purchase sands of 
somewhat coarser grain sizes than 
that actually desired, and by the ad- 
dition of finer sizes bring them to 
meet a fairly rigid specification. 

The mixing of the investment, at 
least as far as the liquid additions 
are concerned, is left partially to the 
skill of the operator who, by experi- 
ence, can state whether or not the 
right degree of consistency has been 
achieved. All of these operations 
will undoubtedly be accomplished in 
the near future by automatic weigh- 
ing devices. 

The dipping and sand spraying or 
hand sanding of the dip coat are 
hand operations whereby an opera- 
tor works only on one pattern at a 
time. For large scale production, 
such as is occurring in some of the 
plants, automatic spray booths and 
the like could be worked out. 

The molds are invested by hand 
filling, which at first sight appears 
to be a very backward way in this 
day and age. However, there are 
many problems involved in_ the 
handling of large quantities of the 
investment mixture, although none 
of them are believed to be insur- 
mountable. 

The function of the tamping of 
the investment, or jogging as it is 


commonly referred to in this invest- 
ment field, is not completely under- 
stood. The author feels that it is 
not entirely a matter of compacting 
the investment uniformly, nor even 
a matter of finding a rate and ampli- 
tude which prevent segregation of 
the investment materials, but that 
a certain amount of controlled seg- 
regation has been achieved and is 
probably necessary. 

In the top 3 in. of investment, 
which is cut off of the mold, many 
superfines are included which might 
otherwise cause cracking of the in- 
vestment. A study from the col- 
loidal chemistry aspect might con- 
siderably reduce the jogging time 
and produce a more uniform result. 


Investment Centrifuging 

Several patents have been issued 
in the dental field relating to the 
centrifuging of the investment itself 
as an improved method of settling 
and compacting the investment 
around the pattern. For industrial 
users, this might prove to be a more 
rapid method of compacting the in- 
vestment and might even have some 
dehydrating advantages. 

Pusher type furnaces are used in 
the larger plants for heating molds. 
For large scale production, a con- 
veyor type oven would appear to be 
desirable, in view of the necessarily 


PREGISION CASTING 


rigid time-temperature control re- 
quirements. 

Another possible development in 
the heating line might be the use of 
die-electric heating, such as is cur- 
rently used in the plastic industry. 
If it can be applied, it would permit 
much increased rates of heating 
without the accompanying risk of 
cracking the investment, as would 
occur in an unequally heated mold. 

When it comes to the melting and 
casting end of the precision casting 
art, there seems to be great room for 
improvement, depending again upon 
the type of production. In fact, for 
research purposes, a totally new tool 
appears to be available, but unused 
so far. For example, it should be 
possible to induction melt and cast 
to close tolerances entirely within a 
vacuum, and thus achieve castings 
which are substantially free of oc- 
cluded gases. 

The author believes it to be en- 
tirely feasible to do this by a modi- 
fied centrifugal casting technique or 
by modifying the pressure type setup 
to melt in vacuo and then allowing 
air to enter the furnace after the 
mold has been poured, thus obtain- 
ing a vacuum pressure casting. With 
vacuum pressure casting, the amount 
of air to be pumped out for any one 
cast could be kept to a very small 
amount. 


Temperature Control 

As stated previously, optical pyro- 
meters are used to control the tem- 
perature of the metal. This leaves 
much to the judgment of the opera- 
tor, prohibiting the use of unskilled 
help since each cast in this tech- 
nique involves a separate heat of 
metal. It would appear worth while 
to develop an automatic tempera- 
ture control which would initiate the 
pouring cycle. 

Referring again to the centrifuge 
with a pivoted arm mounted on a 
rotating arm, as shown in Fig. 7. 
Prior to starting, the arm which 
mounts the mold and pouring cru- 
cible is at right angles to the arm 
which will cause them to rotate. 

This arrangement is an improve- 
ment over the standard centrifuge 
(Fig. 7D) in that it facilitates deliv- 
ering the metal into the mold by 
reducing the tendency for the metal 
to escape sidewise between the pour- 
ing crucible and the mold. How- 
ever, as shown in Fig. 7B, the metal 
tends to move in the direction of 
arrow (4) which is still not in axial 
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ilignment with the sprue opening 
and, therefore, causes unnecessary 
erosion of the sprue opening. 

It would seem to be desirable to 
either move the pivot further out 
from the center of rotation while 
maintaining the mold and crucible 
in approximately their present posi- 
tion, and thus line the sprue open- 
ing up with the direction in which 
the metal will flow, or else to intro- 
duce a second pivot in the neigh- 
borhood of the junction of the mold 


and the crucible. 
Where grain sizes must be fine, it 


would seem that automatic quench- 
ing means would be desirable. With 
the vitallium alloys this is unneces- 
sary since allowing the molds to cool 
to about 400° F. before breaking 
the casting out results in the grain 
size which is specified and which, 
incidentally, is quite large. It would 
not be a difficult problem to provide 
an automatic quenching cycle for 
any one of the three types of cast- 
ing which could be completely con- 
veyorized. 
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* A report of an investigation conducted under the direction of the 
A.F.A. Committee on Physical Properties of Foundry Sands at Ele- 
vated Temperatures, Subcommittee on Physical Properties of Steel 
Foundry we RRR cay anny A of hot compressive strength values 
when using two different type cylindrical specimen tubes. 





SPLIT TYPE SPECIMEN TUBE 


for Elevated Temperature Sand Testing 


HE purpose of this report is to By D. C. Williams, A.F.A. Sand Research Fellow, 


show some of the advantages 

of using a split specimen tube 
in forming a test specimen for the 
hot compressive strength from 
foundry sand mixtures. This work 
was authorized by the subcommit- 
tee of Subcommittee 6b7’. 

Twenty-three hundred hot com- 
pressive strength tests have been con- 
ducted at Cornell University, using 

|) the usual one-piece specimen 
tube and (2) a split specimen tube 
(Fig. 1) for the molding of the 
1'x2-in. test specimen. All of the 
work reported here has reference 
only to the molding of a cylindrical 
test specimen. 

The reproducibility of test values 
is regarded from the viewpoint of 
tolerance limits for acceptable test 
values. Until more information is 
available regarding these limits, it is 
considered that any tolerance limits 
greater than plus or minus 5 per cent ¢ 





Fig. 2—Commercial equipment used in the 
elevated temperature sand tests. 





(hereafter referred to by the symbol 
a) from the arithmetric mean value 
(hereafter referred to by the symbol 
X) would permit only a qualitative 
examination of the test results. 

Up until the time when studies 
using the split specimen tube were 
RSS begun, about 45 per cent of the test 
Y values obtained at Cornell Univer- 
sity fell within the limits of X + a. 
However, most of these tests were 
made with the customary discs of 
5/16-in. thickness. All tests reported 
here were made with discs of 13- 
in. diameter and 1-in. thickness. 




















. Testing Equipment 

- 3 Figure 2 shows the commercial 
: ; . "Sl testing equipment used. Two depar- 
Fig. |—Split specimen tube with sliding tures from the usual testing proce- 


ring, tapered surface and hardened inside 2 . 
surfece. dure for this equipment were made 


Cornell University, Ithaca, N. Y. 


and are as follows: 

1. Change to different discs as 
mentioned previously. 

2. A double bore fused quartz 
clear tube was used to protect the 
thermocouple wires. Better tempera- 
ture control resulted from using this 
type of protecting shield. The tube 
appeared to devitrify without caus- 
ing a noticeable change in tempera- 
ture control of the furnace. Vollrath? 
also found a clear protecting shield 
superior to others, and also notes 
that devitrification occurred with lit- 
tle effect upon temperature control. 

The thermocouple supporting 
block was transferred to the top cross 
bar for convenience of inspecting 
and changing the thermocouple. 

Sand Mixtures. The eight sand 
mixtures used in this investigation 





Table 1 


SAND MIXTURES 


Mixture 
No. Component Per Cent 
l Western Bentonite 4 
Sand 96 
2 Western Bentonite 4 
Silica Flour 10 
Sand 86 
3 Western Bentonite 4 
Cereal Flour 1 
Sand 95 
4 Southern Bentonite 4 
Sand 96 
5 Southern Bentonite 4 
Silica Flour 10 
Sand 86 
6 Southern Bentonite 4 
Cereal Flour 1 
Sand 95 
7 + Fire Clay 4 
Sand 96 
8 Fire Clay 4 
Cereal Flour 1 
Sand 95 
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Table 2 


MECHANICAL ANALYSIS 





U. S. Bureau 
of Standards Retained, 
Sieve Number per cent 
40 0.51 
50 10.15 
70 40.95 
100 35.40 
140 10.90 
200 1.92 
270 Trace 
Pan Trace 
lotal 99 83 
are listed in Table 1. Six batches 
from each mixture (48 batches in 
all) were made. The moisture con- 


tent for all batches was held to 5.2 
per cent + 0.2 per cent. The washed 
and dried sand had the mechanical 
analysis shown in Table 2. 


Testing Procedure. Testing was 
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Fig. 3—Hot compressive strength values of green sand specimens made in split and 
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and 5 per cent moisture. 








conducted at manual temperature a on See eS es ee Te ae eee 
Table 3 
NuMBER oF Test VALUES Wuicn Fatt Wirnin Limits or & +a 
(WHERE @ 5 PER CENT OF X AVERAGE) 
Wiru Spuit SPECIMEN TUBE 
Western Western Southern Southern 
Material added to No. | Western Bentonite, Bentonite, Southern Bentonite, Bentonite, Fire Clay, 
60 N. J. Sand § Bentonite Silica Flour pereal Bentonite Silica Flour Cereal Fire Clay Cereal ae 
Temperature Control Tests within 
Setting, ° F 1600 2000 1600 2000 1600 2000 1600 2000 1600 2000 1600 2000 1600 2000 1600 2000 ¥ + efor 
Specimen Exposure a 
imé, min, ime 
2 1 5 4 3 3 4 1 2 3 l 2 4 2 l 3 1 50 
3 5 2 4 4 5 4 | 2 2 5 2 l 2 ] l l 52.5 
4 3 2 4 5 3 3 2 2 3 2 1 2 2 | l 45 
5 2 3 4 4 5 3 2 4 5 3 4 2 2 3 57.5 
6 5 2 4 5 2 3 2 2 5 2 3 2 3 4 48.5 
8 4 4 ] ] 2 5 2 ] 2 l 2 4 4 l 5 46 
10 5 5 3 5 5 5 3 l 5 3 2 l 2 3 60 
12 + 4 5 3 4 5 4 3 4 3 2 ] 2 2 5 63.5 
16 5 5 3 5 3 3 4 4 4 2 3 4 2 3 2 5 71 
20 3 5 4 + 3 5 5 4 3 l 4 2 3 2 ] 5 67.5 
Percentage of 50 tests 
within X + a 74 #74 #%72 74 #=%70 80 52 48 70 40 44 36 38 37 32 += «66 
Witu ONE-PIECE SPECIMEN TUBE 
Specimen Exposure 
Time, min. 
2 2 l l 2 4 4 | 4 5 1 1 1 4 44 
3 2 2 5 3 2 5 4 3 4 5 l 3 3 60 
4 l 3 4 1 2 1 1 2 1 2 4 4 2 40 
5 l 1 4 3 2 3 5 3 3 2 | | 5 5 53 
6 2 3 5 5 5 2 1 2 5 5 4 2 3 62 
8 3 5 4 + 2 3 3 3 3 1 2 ] 2 51 
10 5 3 3 3 + 3 2 | 3 2 3 3 2 4 58.5 
12 sale 3 2 5 5 : 5 3 5 3 2 3 3 5 62 
16 2 4 3 4 5 4 4 3 5 3 2 l 2 5 67 
20 3 3 4 4 ] 4 1 4 3 1 4 2 5 53 
Percentage of 50 tests 
within X +a 44 46 72 68 66 50 60 40 76 64 28 52 46 70 


















































ELEVATED TEMPERATURE SAND TESTING 









































47% WEST. BENTONITE 

10% SILICA FLOUR 
-—=-=—- $ALIT TUBE 
———_ ONE-PIECE TUBE. 




















ar 
250 
4 420 
— 
An~~=-.)_ _ _1600°F a 
y- : 360 
A 47, WEST BENTONITE, , 
r 1 OE ee | 1% CEREAL FLOUR = 
A / \ Fs ----— SPLIT TUBE ~ 300 
“a ——————=  ONE- PIECE TUBE ’ 
x ~~ . 7 = 
os 2 
Lv 
2 z 
: = 240 
r & 
w > | 
4 18 % 180 k 
w w 
= « \ 
a e \ 
z x 1 
*) °o 
' 120 “ 120 \ 
° 6 
= = 
é 60 
ol ——— ~— re) 
4 ‘ 6 8 10 12 16 20 7 3 4 5 


SPECIMEN EXPOSURE TIME - 


Fig. 4—Sand mixture containing 4 per cent western bentonite 


and | per cent cereal flour. 


control settings of 1600-2000°F. and 
2500°F. After introduction of the 
test specimen the time required for 
the control point to be recovered 
was kept as close as possible to 2 min. 
and 15 sec. 

The specimen exposure time in- 
cludes the “recovery time” and up 
to the time when the upper disc and 
upper post made “contact,” this 
being evidenced by a rise in gauge 
pressure after the tare load had been 
picked up. The time of exposure 
to heat after “contact” to maximum 
indicated strength averaged 30 sec., 
and this time is not included in the 
exposure time. 

Five tests were made at each com- 
bination of exposure time and fur- 
nace temperature control setting. All 
five test values, regardless of spread 
of values, were used in computing 
the average values. In no case was 
a sixth test made unless a definite 
reason could be assigned to a dis- 
carded test value. 

Comparison of Reproducibility 
ith the Two Types of Specimen 


MINUTES. 


sidered at temperature control set- 
tings of 1600°F. and 2000°F. At a 
control setting of 2500°F., a very 
large percentage of the test values 
fell below 10 psi. 


Table 3 shows the results for the 
split and one-piece specimen tubes. 
Except for the right-hand column 
and the totals at the bottom of the 
table for each type of tube, the fig- 
ures in each square indicate the 
number of tests out of five that fell 


within the limits of X + a. 


The general average for all the 
tests with each type of tube indi- 
cated little difference found between 
the two types of tubes. However, 
this general average does not indi- 
cate that tests made with the split 
tube when western bentonite was 
added to the mixture were appreci- 
ably better than when made with 
the one-piece tube. The 4 per cent 
fireclay mixture gave trouble when 
using the one-piece tube. It was not 
possible to strip the specimen with- 
out damage; consequently, we have 
no comparison for this mixture. 
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SPECIMEN EXPOSURE TIME ~- MINUTES. 


Fig. 5—Sand mixture containing 4 per cent western bentonite 
and 10 per cent silica flour. 


During the ramming operation a 
“structure” is created in the test 
specimen. The test specimen keeps 
this “structure” when made in a split 
tube. When a one-piece tube is used 
the “structure” of the test specimen 
may be altered and the degree of 
alteration may depend upon the ease 
of stripping the specimen from the 
tube. The split specimen tube offers 
a greater chance of improving the 
reproducibility of test results. 


Best Specimen Exposure Time. 
For purposes of reproducibility a 
specimen exposure time of 16 min. is 
indicated. The right-hand column 
for each type of tube, Fig. 3, shows 
the percentage of test values for each 
exposure time that fell within the 
limits of X + a. The split tube in- 
dicated 71 per cent of results within 
X + a and the one-piece tube indi- 
cated 67 per cent of results within 
Xx + a. 

A 4 min. exposure time indicated 
the least percentage of reproducible 


results for each type of tube. It may 
be noted here that for each tube the 
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Fig. &—Sand mixture containing 4 per cent southern bentonite and 10 per cent silica 
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Fig. 9—Sand mixture containing 4 per cent fire clay. 


One-piece specimen tube could 


not be used with this mixture because of damage to specimen when stripping. 


number of conditions of testing at 
which none of the tests fell within 


the limits of X + a are about equal. 

Comparing Sand Mixtures. It has 
been the usual custom to choose a 
certain exposure time at which all 
types of mixtures are compared. A 
certain degree of success has been 
found by some using this method. 
However, this type of comparison 
assumes that the test specimen is a 
one-piece specimen after being sub- 
jected to heat. 

In the writer’s Fourth Progress 
Report,’ rinding and coring of the 
test specimen was discussed. This 
rinding and coring probably ac- 
counts for the test results shown in 
Figs. 3-10 at a specimen exposure 
time of 2 min. (used by several lab- 
oratories for control purposes). 

It will be noticed that at an ex- 


posure time of 2 min. the hot com- 
pressive strength values at two or 


more of the temperature control set- 
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tings were approximately the same 
Because of rinding and coring of 
the test specimen there must have 
been two or three combinations of 
rind and core that gave similar test 
values. It follows that either the 
rind or the core will transmit the 
externally applied load until failure 
occurs. 

The relative stiffnesses of the rind 
and core should be considered in 
connection with the rind and core 
formation. The respective core and 
rind areas will not be the same as 
the original specimen before it has 
been subjected to the furnace tem- 
perature. In addition, 
specimens increase in face area due 
to heating. It must be remembered 
that at present the hot compressive 
strength value recorded is only a 


some __ test 


nominal value and assumes a one- 
piece specimen which has not 
changed in face area. 

Since heat penetration probably 
varies with exposure time and fur- 
nace temperature, it seems logical 
that various test specimen should be 
compared on the basis of equal rind 
and core formation. 


It might be found, for example, 
when comparing the three mixtures 
containing western bentonite, that 
equal rind and core formation would 
take place at same temperature con- 
trol setting as follows: 4 per cent 
western bentonite—exposure 6 min., 
4 per cent western bentonite plus 
1 per cent cereal flour—2 min., 4 per 
cent western bentonite plus 10 per 
cent silica flour—20 min. 

For illustration purposes let us 
consider a mixture tested at three 
temperature control settings at 2 
min. exposure. In addition, to sim- 
plify conditions, the core will be the 
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Fig. 10—Sand mixture conteining 4 per cent fire clay and | per cent cereal flour. 
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only part of the test specimen which 
transmits the external load. In this 
case three combinations of rind and 
core yield the same value in pounds, 
but due to the smaller core area at 
the higher temperature the actual 
strength of a test specimen at tem- 
perature control setting of 2500° F. 
may be greater than the psi. at a 
temperature setting of 1600° F. 

Accurate knowledge of furnace 
temperatures and rate of heat pene- 
tration into the test specimen will be 
necessary in order that two sand 
mixtures may be quantitatively com- 
pared. Since control laboratories in 
the foundry usually make all the 
comparative tests, these laboratories 
will have to be able to determine 
rates of heat transfer and have 
accurate knowledge of temperature 
distribution within their particular 
furnaces. 

With the use of the split specimen 
tube, the reproducibility of certain 
tests averaged about 75 per cent 
within X + a. Since the only change 
in procedure was the type of tube 
used, which brought about a 15 per 
ceat increase in reproducibility, it 
seems possible that studies on mix- 
ing and ramming might raise this 
reproducibility to perhaps 95 per 
cent of the test results within X + a. 





All of the mixing was done in the 
same mixer with the same operating 
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speed and rake settings. With this 
set-up, mixtures containing western 
bentonite gave the best reproduci- 
bility. It may be that this speed in 
rpm. of the mullers and rake set- 
tings does not give the best mixing 
for mixtures containing southern 
bentonite or fire clay. This may be 
one factor which accounts for the 
lower reproducibility of test values. 


Conclusion 

A split specimen tube has been 
found to be superior to a one-piece 
specimen tube for the following 
reasons: 

1. The rammed “structure” of the 
test specimen is better preserved. 

2. Specimens from a certain sand 
mixture could not be stripped from 
the one-piece tube without damage. 

3. With specimen from sand mix- 
tures containing western bentonite 
the reproducibility of test values 
within any one batch was consist- 
ently appreciably higher. 

4. The type of split tube used in 
the investigation was found to be 
easier to use than the one-piece tube. 

The best reproducibility of test 
values was indicated at a specimen 
exposure time of 16 min. This ob- 
servation was found for both types 
of specimen tubes studied. 

Since all specimens tested exhib- 
ited rinding and coring, it seems 
logical that the strength values of 


test specimens from various sand 
mixtures should be compared on the 
basis of equal rind and core forma- 
tion or equal heat penetration rather 
than the usual equal specimen ex- 
posure time. 

After the tests reported in this 
paper were completed, a study of 
the temperature-indicating equip- 
ment was conducted. Jt was found 
that the control settings gave the 
following: 

Actual Control 

Control Setting on Temperature, °F. 


Instrument, °F. (Avg.) 
1600 1557 
2000 1967 
2500 2482 


It follows that the indicated tem- 
perature is not always what appears 
on the control instrument. Further- 
more, the error is not constant over 
the range of the control instrument. 
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* Precautions must be observed in heat treating magnesium alloys to 
avoid “burning” and impairing physical properties of castings. 
Standard heat treatment for a 6 per cent aluminum, 3 per cent zinc 
magnesium alloy is presented. This paper should be of interest to 
producers of aircraft engine castings and to foundry metallurgists 


in general. 


HE common sand cast 

nesium alloys in use in this 
country at the present time are pri- 
marily ternary alloys of aluminum 
and zinc with magnesium. The 
common impurities are manganese, 
silicon, copper and nickel. These 
alloys are frequently used in the heat 
treated condition as they are sus- 
ceptible to precipitation hardening 
treatments. The solution treated 
state is used in applications requir- 
ing high ductility and the solution 
treated and aged condition is used, 
where improved yield strength is 
necessary at some sacrifice in duc- 
tility. 


mag- 


This paper presents data on the 
effect of pouring temperature, initial 
structure, heating rate prior to solu- 
tion treating, solution temperature, 
solution time, cooling rate from the 
solution temperature, aging temp?r- 
ature and aging time on resultant 
static physical properties and micro- 
structure of fine grained 6 per cent 
aluminum, 3 per cent zinc alloys. A 
brief study of dimensional changes 
during heat treatment is included. 


Alloy Composition 


The data reported here were ob- 
tained on the alloy whose nominal 
composition is as follows: 


Aluminum ........... 6.0% 
yes is lindas a 
Manganese ........... 0.15% minimum 
SACOM o3is.s.. ts .. 0.30% maximum 
Copper ........c15..000 0.05% maximum 
| ee 0.01% maximum 


Other impurities... 0.30% maximum 
Magnesium .......... remai 1der 





The results were obtained on 
standard 0.500-in. test bars cast four 
in a dry sand mold unless otherwise 
indicated. 

The bars were cast with 20 per 
cent virgin metal and 80 per cent 
clean remelt scrap. The metal was 
superheated in 450-lb. crucibles for 
15 min. above 1600° F. with a maxi- 
mum temperature attained during 
superheating of 1675° F. The bars 
were poured at pouring tempera- 
tures between 1330° F. and 1460° F. 
The resulting grain size on all bars 
was between 0.003 in. and 0.005 in. 
average grain diameter. 


Heat Treatment 

The standard heat treatment ap- 
plied to the test bars unless other- 
wise indicated was: 

1. Charge in furnace below 500° 
F. 

2. Heat to 650° F. 
15 min. 

3. Heat from 650° F. to 725° F. 
in 2 hr. 

4. Hold at 725° F. for 12 hr. 

5. Air cool. 

6. Age at 350° F. for 16 hr. 

7. Air cool. 

The first four steps of the above 
cycle are for the purpose of dissolv- 
ing a compound of magnesium, 
aluminum and zinc, commonly re- 
ferred to as the “beta” constituent, 
in magnesium. The cooling in step 
five must be rapid enough to prevent 
the precipitation and agglomeration 
of the “beta” into coarse particles. 


and hold for 


The aging temperature and time 
is chosen to allow precipitation of 





particles of optimum shape, size and 
distribution to give the desired 
physical properties. 

For the sake of brevity, the fol- 
lowing abbreviations will be used 
throughout this paper: 


A.C. As-cast material. 
H.T. Solution treated material 
H.T.A. —Solution treated and aged 


material. 

The heat treat cycle previously de- 
scribed will produce physical prop- 
erty changes as shown in Table 1. 

The yield strengths in Table |! 
and all other such values given in 
this paper were determined by the 
extension under load method. An ex- 
tension of 0.0089 in. in 2 in. was 
used which is approximately equiva- 
lent to the 0.2 per offset 
method. 


Effect of Pouring Temperature on 
H.T .A. Properties. There is no signi- 
ficant effect of variable pouring tem- 
perature on the physical properties 
in the range from 1330° F. to 1460 
F. as is shown in Table 2. 


cent 


Solution Cycle 


Effect of Init.al 
Table 3, is shown the effect of initial 
structure on  physicai properties 
when the material is heated in 2 
hr. from 650° F. to the solution 
temperature. One set of bars was in 
the as-cast condition and the second 
set had been previously solution 
treated and aged. 


Structure. In 


These results indicate the proper- 
ties are equivalent with a slow pre- 
heating cycle. 
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Heat TREATMENT OF MAGNESIUM ALLOYS 





Table 1 


Errect or Heat TREATMENT ON PuysicAL PROPERTIES 


A.C. 
H.T. 
H.T.A. 


No 
Bars 


10 
9 
50 


Yield 
Strength, 
pst. 
14,500 
14,800 


18,500 


Ultimate 


Strength, 


Table 2 


pst. 


30,000 
41,000 
39,000 


Per Cent 
Elongation, Brinell 
2 in. Hardness 
7.0 62 
15.0 60 
6.0 72 


Errect oF PourRING TEMPERATURE ON H.T.A. PHysiIcAL PROPERTIES 


Pouring 
Temperature 


1330" F. 
1340° F. 
1430° F. 
1435° F. 
1460° F 


*500 ke. load, 10 mm. ball. 


Ultimate 
Strength, 


pst. 


38,860 
39,060 
38,220 
39,200 


39,000 


Yield 


Elongation, 


Strength, Per Cent 
aE 

pst. « t!, 
18,360 5.9 
18,380 6.0 
18,600 5.9 
18,440 6.2 
18,500 6.2 


All values are the results of the average of 50 test bars. 


EFFECT 


oF INITIAL StrucTURE ON H.T.A. PuysiIcaL 


Ultimate Strength, psi. 
Yield Strength, psi. 
Per Cent Elongation, 2 


Brinell Hardness 


*Average 17 


bars. 


Table 3 


Table 4 


Errect oF HEATING RATE ON 


As-cast* 
7 39,000 
18,500 


PROPERTIES OF AS-CAST MATERIAL 


Time from Room 


Temp. to 750° F 


Ultimate Strength, psi. 
Yield Strength, psi. 


Per Cent Elongation, 2 in. 


Brinell Hardness 


No. Bars 


EFFECT OF SOLUTION 


No. Bars 
(14) 
(12) 
(17) 
(13) 
(14) 


(12) 


Solution 
Temperature 


700° F. 
710° F. 
720° F. 
730° F. 
740° F. 
750° F. 


Ultimate 
Strength, 
pst. 
41,000 
40,000 
38,700 
40,300 
40,000 
40,000 


Table 5 


TEMPERATURE ON H.T.A. PuysicaL PrRoperRTIEs 


Table 6 


20 Min. 
38,000 
17,800 
6.0 
74 
8 


Yield 
Strength, 
psi. 


17,700 
18,300 
17,900 
17,800 
17,300 
17,300 


Brin 


ell* 


Hardness 


72 
74 
72 
73 
73 


5 





PROPERTIES 


Previously H.T.A.* 
39,000 
18,000 


6.0 
75 


H.T.A. PuysicaL 


Normal Preheat 
39,000 
18,500 


6.5 
72 
17 


Per Cent 

Elongation, Brinell 
2 in. Hardness 
7.0 75 
7.0 73 
6.0 75 
7.8 74 
y Po 73 
8.0 71 


EFFECT OF VARYING SOLUTION TIME ON H.T.A. PuysicaAL PROPERTIES 


Hours at 
725° F. 


moena 
~ 


—_ 


No. 
Bars 


hm hr PO 


to 


Ultimate 
Strength, 
pst. 
40,000 
39,300 
39,800 
39,600 


Yield 
Strength, 
pst. 
18,500 
19,650 
18,400 
18,800 


Per Cent 

Elongation, Brinell 
2 in. Hardness 
6.0 74 
4.0 75 
as 71.5 
6.5 72.8 











Effect of Heating Rate. In Table 
4 is shown the effect of rate of pre- 
heat on the properties of as-cast ma- 
terial. One batch of bars was heated 
directly to 725° F. It required 20 
min. to reach this temperature. Re- 
sults are compared with those pro- 
duced by the normal preheating cy- 
cle. It may be seen the properties 
are slightly superior in slowly pre- 
heated material. 

Effect of Solution Temperature. 
In Table 5 are shown the results of 
varying solution temperatures on 
heat treated and aged properties. 
The bars used in this series had pre- 
viously been solution treated and 
aged. 

These data indicate temperatures 
as high as 750°F. produce satis- 
factory properties if no “burning” 
occurs during heat treatment. Tem- 
peratures as low as 700° F. also pro- 
duce good properties. The reason for 
the selection of 725° F. as the 
standard solution temperature will 
be discussed later in this paper. 

Effect of Solution Time. In Table 
6 are shown some limited data on 
the effect of solution time on physi- 
cal properties. It will be observed 
that times as short as 6 hours pro- 
duce satisfactory physical properties 
in sand cast test bars. 

Figure 1 is a photomicrograph 
showing microconstituents referred 
to in this paper. 

Metallographic examination on 
pieces cut from test bars gave the re- 
sults in Fig. 2, which shows the 
variation in “Beta” rating with time 
at solution temperature. The nu- 
merical system used is that proposed 
by George’ and commonly used 
throughout the industry. No. 0 shows 
absence of “Beta” and 10 is the 
amount present in material as cast. 
Intermediate amounts are corres- 
pondingly numbered. 


Comparison of Fig. 2 with Table 
6 shows that acceptable physical 
properties are attained before solu- 
tion of the “Beta” constituent is 
complete. The effect of these “Beta” 
nuclei on fatigue and impact prop- 
erties is worthy of further investiga- 
tion. 


Effect of Cooling Rate. To de- 
termine the effect of cooling rate 
from the solution temperature on 
physical properties, seven different 
batches of test bars were cooled as 
shown in Table 7. The cooling rates 


i 
i 
: 


0 ere 
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Fig. |. 


Photomicrograph showing various microconstituents present in 6% Al, 3% Zn 


Magnesium Alloys. H.T.A. Condition. 


were determined by axially drilling 
a test bar, imbedding a couple so the 
bead was at the center of the re- 
duced section and cooling in a man- 
ner similar to that used for cooling 
the test bars. 

The time interval to cool from 
725° F. to 250° F. was selected as 
the criterion for cooling rate, since 
no visible precipitation of the lamel- 
lar constituent takes place at aging 
temperatures of 250° F. 

It should be observed that the ul- 
timate strength begins to decrease 
appreciably with cooling rates slower 
than 66 sec. 

Effect of Initial Structure with a 
Rapid Heating Rate. Figs. 3 and 4 
show the results obtained for a com- 
bination of rapid heating rate with 
varying initial structures. The bars 
were not preheated, but were heated 
to the solution temperature in 20 
min. The inferior properties pro- 
duced in “as cast” material com- 
pared with previously heat treated 
material can be traced to the greater 
amount of “burning” of “as cast” 
material when heated above 720° 
F. A comparison of Figs. 5 and 6 
shows the extreme “burning” of “as 
cast” material heated to 750° F. and 
the almost complete absence of such 
“burning” in previously heat treated 
material. The dark areas are voids 
and indicate severity of “burning.” 

The absence of “burning” in Fig. 
3 results from the more rapid solu- 
tion of the low melting constituents 
in previously heat treated material. 

Samples of previously heat treated 
and aged materials were removed 
from the solution furnace at various 


temperatures during rapid heating 
for re-solution treatment. These re- 
sults indicate the lamellar precipitate 
is practically completely redissolved 
by the time the sample has attained 
a temperature of 650° F. 

From the foregoing data, the rea- 
son for the selection of 725° F. as a 
solution temperature is apparent. 
Higher temperatures promote “burn- 
ing” of the “as cast” alloy with con- 
sequent loss of properties. Lower 
temperatures will prolong the time 
required and possibly prohibit the 
complete solution of the “beta.” 


Aging Cycle 

Effect of Aging Temperature. In 
lable VIII are shown the effect of 
varying aging temperatures on physi- 
cal properties. It may be seen from 
these data that no appreciable aging 
takes place at 250° F. 
out by metallographic examination 


This was borne 


which showed a solution treated 
structure at the end of 16 hr. aging 
at 250°F. It further 
noted that 450° F. 


effects a decrease in ultimate and 


should be 
aging for 16 hi 


yield strengths. 

There is very little difference be- 
tween “as cast’’ and previously solu- 
tion treated and aged bars 

Efe ct of 
shows the aging curves at 350° F 
and 450° F. 
the average of 12 bars except on the 


Aging Time. Figure 7 


Each point represents 


yield strength curve, where only two 


values were determined at each 


aging time indicated. The more 


rapid aging at 450° F. is to be noted 
with the rapid decrease in ultimate 
strength and early increase of yield 
strength. The possibility of aging for 
3 hr. at 450° F. 
tinued investigation into other prop- 
erties such as fatigue strength, im- 


is worthy of con- 


pact strength, etc. 

Aging at 350° F. 
to 160 hr. with no 
properties from 


was carried out 
significant 
changes in those 


shown at 16 hr. The elongation de- 
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Fig. 2. Effect of Time at Solution Temperature on “Beta” Compound Rating. 
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Fig. 3. (Left) Effect of Solution Temperature on H.T. Properties of 6%, Al, 3% Zn Magnesium 
Right) Effect on H.T.A. Properties. 


Alloy. Fig. 4. 


Time to 
Cool from 
Cooling 725° F. to 
Method 250° F. 
Slow Furnace. 8 hr. 
Fast Furnace 4 15 min. 
Air . 220 sec. 
140° F. Oil . . 66 sec. 
Boiling Water 44 sec. 
70° F. Water 32 sec. 
Ice Water ; 22 sec. 


ErFrect oF Various AGING TEMPERATURES ON 


Initial No. Aging 
Structure Bars Temperature 
As-cast 14 250° F. 
As-cast .. a £3 350° F. 
ne ee 450° F. 
Previously 

4 o 13 250° F. 
Previously 

gee. 17 350° F. 
Previously 

2 em 450° F. 


No. 
Bars 


13 
16 
10 
10 
10 
10 
10 


Table 7 
Errect oF CooLinc RaTE on H.T.A. PuysicAL PROPERTIES 


Ultimate 
Strength 
pst. 

35,700 


38,100 
39,000 
42,800 
43,500 
43,500 
43,800 


Table 8 


Aging 


mme- 


Hours 


22 
16 
16 


22 
16 


16 


Yield 


Strength, 


pst. 
15,100 
18,500 
17,600 


14,500 
17,900 


17,560 








Yield 
Strength, 
pst. 

18,000 


18,500 
18,000 
19,000 
20,000 
19,400 
19,800 


Ultimate 
Strength, 
psi. 
41,600 
39,000 
36,900 


40,600 
39,000 


38,800 


Per Cent 
Elongation, 
2 in. 
5.7 
7.0 
6.5 
8.0 
7.0 
y 
7.5 


Per Cent 
Elongation, 
2 in. 


15.4 
6.5 
7.0 


14.5 
5.9 


7.3 


Brinell 
ardness 


72 
70 
72 
78 
80 
75 
79 


PHYSICAL PROPERTIES 


Brinell 
Hardness 


63 
72 
74 
63 
75 


71 
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Fig. 7. Aging curves at 350° F. and 450° F. 
for 6% Al, 3% Zn Magnesium Alloy. 


creased to 5 per cent and the yield 
strength increased to 19,500 psi. with 
no change in ultimate strength. 

In Figure 8 are curves showing the 
variation in amount of lamellar pre- 
cipitate with time. It may be ob- 
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Fig. 8.—Effect of Aging Time on Lamellar 
Constituent Rating. 
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Fig. 9. Effect of Amount of Lamellar Con- 
stituent on Yield Strength. 
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Fig. 5. Previously H.T.A. sample of 6% Al, 3% Zn Magnesium Alloy heated to 750° F. in 
20 minutes. Unetched. Note absence of “burning.” 











Table 9 
Errect OF Heat TREATMENT ON DIMENSIONAL CHANGES 
Dimensional Increase (Inches Per Inch) 
Section Size | Diameter Length 

H.T. : STAs 4 H.T. H.T.A. 
l-in. Diameter | 0.0002 | 0.0008 0.0006 0.0007 
2-in. Diameter 0.0004 0.0006 0.0004 0.0007 
3-in. Diameter | 09.0003 | 0.0009 0.0009 | 0.0011 
Average Increase | 0.0003 0.0008 0.0006 | 0.0008 








served the precipitate forms most 
rapidly at 450° F. and not at all at 
250° F. Comparison of Fig. 8 with 
Fig. 7 shows that the ultimate 
strength is relatively independent of 
the amount of lamellar precipitate 


while yield strength is more directly 
affected as shown-in Fig. 9. 

Dimensional Changes during Heat 
Treatment: A brief study was made 
of the dimensional changes occurring 
during heat treatment. 


Fig. 6. "As Cast” 6% Al, 3% Zn Magnesium Alloy sample heated to 750° F. in 20 minutes. 


Unetched. Note evidence of “burning.” 
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One, two and three inch diameter 
slugs were cast. From these slugs, 
34-in. diameter bars 3 in. long were 
machined. These bars were then 
measured in the “as cast’”’ condition, 
after solution treatment and after 
solution treating and aging. The re- 
sults are shown in Table 9. 

From these data, it may be ob- 
served there is a rather slight growth 
during both solution treatment and 
aging. Actual measurements on cast- 
ings were very erratic. Certain dimen- 
sions appeared to become large 
while others did not change or in a 
few cases even decreased. In general, 
however, there was some growth but 
the growth in all cases was insignifi- 
cant when compared to normal 
foundry tolerances for castings up to 
24-in. in diameter. 


Conclusions 

The following conclusions may be 
drawn from the investigation for 
material with a grain size of 0.003 
in.-0.005 in. average grain diameter 

(1) Pouring temperatures between 
1330° and 1460° F. do not seriously 
affect static physical properties. 

(2) “As cast” material must be 
slowly preheated to prevent unde- 
sirable “burning.” Previously heat 
treated material may be heated more 
rapidly and to higher temperatures 
without “burning.” 

(3) Solution temperatures between 
700° F. and 750° F. give similar 
properties if no “burning” occurs. 

(4) Solution times of 12 hr. mini- 
mum at 725° F. are required to dis- 
solve the primary compound. The 
static physical properties are above 
the usual specification values before 
the compound is completely dis- 
solved. 

(5) Drastic cooling from the solu- 
tion temperature does not greatly 
improve static physical properties 
over air cooled properties. 

(6) Aging does not take place at 
250° F. in less than 22 hr. Beyond 
250° F. the rate of aging increases 
rapidly with increasing temperature. 

(7) Ultimate strength is not seri- 
ously affected by the amount of 
lamellar precipitate formed during 
aging. Yield strength appears to be 
directly affected. 

(8) Dimensional changes during 
heat treatment are considerably less 
than nominal foundry tolerances. 
‘George, P. F., “A Numerical Rating Method 
for the Routine Metallographic Examination of 


Commercial Magnesium Alloys,”” A.S.T.M. pre- 
print p. 3 (1944). 
































































* The author has conducted varied experiments with composition 
match plates and presents a compilation from service records em- 
bodying points of interest to every practical foundryman. Facts and 
figures have been set down—the methods outlined may be studied 
in relation to individual methods and experiments in this field. Var- 
ious problems encountered—the means by which they were over- 
come—and the development of an entirely new technique for match- 


plate production are described. 


Describes Improved Methods in Making 
MATCH PLATES 


of Plaster Composition 


By C. C. Brisbois, Foundry Superintendent, 


Robert Mitchell Co., Ltd., Montreal, Que., Canada 


PON the outbreak of war, the 
U demand for castings was 
greatly increased. The development 
of means for producing A-1 quality 
castings in great quantities in the 
shortest possible time was of prime 
importance. 

Not only did the quantity and 
quality far exceed prewar demands, 
but the designs of the castings were 
far more intricate in many Cases 
than anything that had been pro- 
duced before the war. This intricacy 
of pattern added to the urgency of 
the problem of their production, and 
at that time few alternatives were 
offered to the foundries with which 
to meet the situation. 


All-Aluminum Plate 

The all-aluminum plate with 
mounted patterns proved to be too 
slow, requiring infinite care in the 
mounting and cleaning processes. 
Mounting, cleaning, and finishing 
called for skilled labor, the shortage 
of which was even at that early stage 
beginning to make itself felt. Alu- 
minum-cast plates were vetoed for 
the same reasons. 

The author had been, through all 
of his years in the foundry trade, a 
mest persistent advocate for com- 
position-cast match plates. Up to 
that time the cost involved in the 
making of the frame, and the too 
frequent loss of the plate itself 
through breakages, had prohibited 
extensive use of this medium, and 
for these reasons it was not highly 
acclaimed generally. As a_ con- 
sequence, its possibilities were not 


developed to any great extent and 
its adaptability to wartime demands 
was, broadly speaking, in the pio- 
neering stage. 

Past experiences served the author 
well and, when he adopted the com- 
postion-cast match plate for war- 
time demands, he faced the problem 
of its development with a great de- 
gree of confidence. 


Preliminary Methods 

When experiments first started in 
the author’s foundry with plaster 
composition match plates, it was the 
general practice to make the frame 
in two parts—an outer frame into 
which an inner frame was inserted. 
The inside edge of each part was 
bevelled and, when the parts were 
placed together, formed a V-shaped 








groove on the inside of the com- 
pleted frame (Fig. 1). 

This groove provided anchorage 
for the plaster compound when 
poured into the frame, and the two 
parts were held together with screws. 
The entire frame had to be ma- 
chined, both sections, top and bot- 
tom. The inner frame had to be 
fitted to an exact bearing into the 
outer frame and onto the groove. 

A perfect bearing was essential to 
prevent any possible flexing between 
the two sections. Such a flexing, 
were it present, would cause the 
plate to crack or break after being 
in production for a short time, if not 
before. 

In addition to the machining, the 
inner section of the frame had to be 


Fig. |\—Old-style frame showing two parts. 
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drilled and tapped for fitting into 
The greatest of 
care had to be exercised here, also, 


the outer section. 


to obtain an even bearing. 

The inner section was designed to 
be removed from the outer section 
for the purpose of removing the 
composition plate, which then could 
be replaced by another. One frame 
was thus kept continually in circula- 
tion, while plates were stored against 
further requirements, after their first 
run. 

Disadvantages Encountered 

It became more and more evident 
through experience in the use of 
these frames that the normal life of 
the plate was shortened by this 
method. Time prohibited thorough 
development of this theory, but the 
fact that a plate would produce from 
300 to 500 molds with little trouble 
so long as it remained in the frame 
as cast, and that cracking or break- 
ing occurred almost immediately 
after the plate had once been re- 
moved from and replaced into the 
frame for a second run, was of suffi- 
cient significance to warrant suspi- 
cion. 

It was believed at first that when 
the plates were replaced in the frame 
for a second run, an uneven bear- 
ing had resulted from the removal of 
the plate from the frame. In an 


Fig. 3—New type frame made in one piece. 





effort to maintain an even bearing, 
soft putty, 
pound, was often used, but with little 
improvement of the situation. 

The theory that these plates be- 
came damaged on the racks when 
not in use was discredited when it 
was assured that every care 
taken to protect them. A special 
rack was designed and used for their 
and a 
rack was erected in the foundry for 
their protection during production 

Fig. 2). 

Each plate was removed from the 
machine at the end of the day’s run 
and placed in this foundry rack. A 
trustworthy man was appointed to 
carry these plates to and from the 
rack during production, and to the 
storage rack at the completion of the 
job. Each plate was carefully exam- 
ined before each day’s production 
run but, with all these precautionary 
methods, the trouble recurred with 
provoking regularity. 

To definitely establish causes for 
cracks or breaks would necessitate 
a prolonged and careful study of all 
contributing factors. The author 
was not concerned with proving his 
theories at that time, but mainly 
with developing and improving tech- 
nique. 


wax or a plastic com- 


was 


storage, similar but smaller 


New Type Frame Developed 

The author’s first concern was to 
cut down or overcome the loss of 
plates. In support of his theories, 
the old type two-piece frame was 
abandoned. In its place he devel- 
oped an entirely revised one-piece 
frame (patent applied for), designed 
primarily to protect the plate against 
cracking, breaking or other damage. 














Fig. 2—Specially designed storage rack 


At first glance it may seem that 
to confine a frame to one particular 
plate throughout the lifetime of a 
job would be a costly process, but 
the author worked on a theory that 
if a cheaper type of frame could be 
designed to cut down plate loss, hav- 
ing the advantages of the old type 
but none of its disadvantages, it 
would justify itself financially. How 
sound this theory proved to be will 
be shown later. 

Originally, the two-piece frame 
had been designed for the purpose 
of facilitating the mounting of differ- 
ent patterns and to permit the re- 
moval of plates and the insertion of 
others, to cut down the necessity oi 
making too many frames. The labor 
and machining involved made the 
use of these frames costly, and the 
idea was to make one frame do as 
much work as it could be adapted to 
that the 
saving was in the frame itself; the 
cost of the patterns, molding of the 
plate, and storage, remained the 
same, while the financial loss through 
damaged plates far exceeded the 
economical value of the frame. It 
was logical, therefore, that the first 
step should be toward developing 
a low-cost frame having as its pri- 


It is obvious, however, 
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Fig. 4—Top—Plate showing metal pattern, drag side. Bottom—Same plate, cope side. 








mary function the protection of the 
plate against damage. 


Frame Casting 

Instead of the two-piece, double- 
molding operation of the old type, 
the new frame is cast in a single 
molding operation which draws out 
of the mold without cores, complete 
with supporting projections and lift 
handles (Fig. 3). 

Solid projections or teeth about 
an inch wide are cast flush with the 
frame at intervals of about 2 in., 
alternating from bottom to top of 
the frame. No special care is re- 
quired to cast these teeth smooth, as 
a certain amount of roughness will 
lend further support to the plaster 
compound in the frame. Steel strips 
or wires are supported by these 
teeth for further reinforcement. 


The handles are cast like large, 
V-shaped holes with sufficient clear- 
ance to allow insertion of standard 
V-shaped pin guides. The guides, 
made of brass and cast to size, re- 
quire file-finishing only to fit. 


Frame Thickness 

The thic®fiegs of the frame may 
vary. That iso say, one frame may 
be 1 in. thick, while another may be 
34 in. thick, but whatever the thick- 
ness of the individual frame, it must 
be maintained throughout the entire 
frame. 

The 1-in. frame is preferable since 
it will support the minimum amount 
of compound with the maximum of 
strength. Approximately 1/16-in. 
machining is necessary on the back 
and front of the frame. As these 
surfaces are perfectly flat, the ma- 


PLATES OF PLASTER COMPOSITION 


chining process is very simple and 
inexpensive. 
Frame Molding 

The molding of the new type 
frame is a very simple operation 
throughout, involving a minimum of 
unskilled finishing labor. Eliminating 
as it does the necessity for skilled 
labor, this feature is a recognizable 
advantage over the old type frame. 

Further, this economical feature of 
the new type frame is not confined 
to the molding operation alone, nor 
does the fact that it is confined to 
one job for a longer period of time 
detract from its productive value. 

The life of the new type frame 
is as long, if not longer, than that 
of. the old type, and will go on 
through production of other plates 
for many years. Both the old and 
new type of frame are cast in alu- 
minum. Wear and tear being equal, 
there is nothing to indicate that the 
normal life of each type is not equal. 

As with the old two-piece type, 
the new one-piece frame becomes 
available for,another plate immedi- 
ately the production schedule of one 
plate is completed. The plaster com- 
pound is broken up, all patterns 
carefully removed and cleaned, 
stored or returned to the customer, 
as the case may be, and the frame 
is ready for another job. 

The saving effected through the 
use of the new type may not at first 
be apparent, but, failing a compara- 
tive cost study through the actual 
use of both types of frames, which 
the urgency of the need prohibited 
at that time, the economical poten- 
tialities, of the new type cannot fail 
to be recognized. Service records 
indicate that, through the preserva- 
tion of plates for the lifetime of the 
job, production costs have been cut 
as much as 50 per cent or more. 


Comparative Mold Production 

To emphasize this point, plates 
which have produced 10,000 and 
more molds, using the new type one- 
piece frame, are in the storage racks 
of the author’s foundry, still in ex- 
cellent productive condition. The 
highest quantity on the records of 
molds produced off one plate in one 
run, using the old type two-piece 
frame, is 1000. 

These figures are given to empha- 
size the value of plate protection. 
This does not prove that the plate 
which produced 1000 molds while 


in the old type frame, would not 
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have gone on through production of 
2000 or even 5000 molds, if left in 
the frame as cast. The point indi- 
cated here is that 1000 molds is the 
highest quantity of molds ever pro- 
duced in the author’s experience 
without removing the plate from its 
original frame. 

Once the plate had been removed 
from the frame and replaced for 
a second run, the plate broke or 
cracked and was useless for further 
runs. How many plates would have 
had to be remade to produce as 
many as 10,000 molds by this meth- 
od, is a matter of conjecture. 


[he point is that a plate in the 


new type frame will produce 10,000 
and more molds with very little, if 
any, further expense than the initial 
cost of making the plate up, and still 
be in good working condition. Over 
and above the reduced molding cost 
of the new frame, this feature fur- 
ther reduces actual production costs 
many times over. 


Wires Still Used 

While wires are still used to rein- 
force the plaster compound, as with 
the two-piece frame, this practice is 
not so favored with the new frame. 
The use of wire, except where abso- 
lutely necessary, is not highly recom- 
mended as a general practice. 
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flanges cast in aluminum. 


Fig. 6—Right—Mold with flanges in place, 


anchored firmly to compound. 





Fig. 5—Above—Elbow pattern showing loose 


Fig. 7—Below—Mold all ready for closing. 
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When wire is used, care must be 
taken to determine the exact size 
suitable for the job. Too thin a wire 
has a tendency to “spring” and too 
thick a wire requires more com- 
pound to cover and, consequently, 
a plate too thick and too clumsy to 
handle. Costs of plates being based 
on weights, the cost is proportion- 
ately higher. In both cases, the plate 
is weakened instead of being 
strengthened 

It was noted that cracks most fre- 
quently occurred directly over the 
wire when thick wire was used. This 
would indicate that there was not 
sufficient compound in the frame to 
permit of a thick enough layer over 
the wire. 

Even with the 1-in. frame, which 
will support the maximum amount 
of compound, this tendency was ap- 
parent. To make a thicker frame to 
accommodate a sufficient quantity 
to cover a thick wire, would result 
in a plate too awkward, too costly, 
and too heavy to handle with pro- 
ficiency. 

This tendency was not apparent 
when using thin wires, but the com- 


pound would more frequently break 
away from the sides of the frame. 
Had time permitted a more detailed 
and lengthy investigation of the be- 
havior of wires, more definite and 
interesting data might have been 
discovered as to cause and effect. 
Steel Strips 

As it was, theory again carried the 
day and, in an effort to overcome 
these disadvantages, wires were re- 
placed almost exclusively by metal 
strips. Previous experiments had 
proved most successful and, with the 


abandonment of wires, time was 
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now devoted to the development of 


proper technique for the use of 
strips. 

Mild steel was found to be the 
most suitable. Standard type of steel 
strips used was No. 10 U.S.S. Stand- 
ard (approx. ¥g in. x ¥% in.) length 
cut to size. Whenever possible, re- 
quirements are confined to the No. 
10 steel. 

All strips are sandblasted before 
use, to insure a very clean surface 
so that the compound will stick 
evenly and thoroughly. Strips are 
placed at strategic points in the 
frame, criss-cross fashion, and anch- 
ored firmly into place on the teeth 
with wire or nails. In complicated 
patterns, steel strips may be bent to 
follow the contour of the pattern. 


Technique of Combining Metal 

and Plaster 

The author does not contend that 
all patterns can be produced from 
match plates. In certain types of 
pattern it is not possible to utilize 
this medium. Again, certain types of 
pattern cannot be cast solid in plas- 
ter compound with practicability. 

For instance, in the case of a pat- 
tern having bosses, ribs, or thin sec- 
tions projecting on one side only, it 
was found that such parts were 
liable to be broken, nicked, or dam- 
aged, when cast in the plaster com- 
pound. With such patterns, experi- 
ments were conducted in combining 
aluminum with the plaster com- 
pound, and the results were gratify- 
ing (Fig. 4). 

The technique was simple. First, 
solid patterns were cast in aluminum 
from master patterns. The side of 
the patterns having ribs, thin parts, 
or bosses, was placed in the drag, 
and the opposite side drilled and 
tapped and screws set in to act as 
anchors to the cope. 


Anchoring Patterns 

Patterns were left in the mold 
when pouring the plate. The fin- 
ished plate showed the cope in solid 
compound and the drag the metal 
patterns, firmly anchored into the 
compound on the cope, projecting 
clear above the plate. The metal 


patterns were proof against break- 
age or other damage (Fig. 4). 

The size of the patterns determines 
the size of the screws to be used. 
The average size is No. 10-32th. x 
%4 in. 
author are 24th. x % in. 


The largest used by the 
It was 





Fig. 8—Right—Cleaning the plate. 





found that flathead steel machine 
screws were the most adaptable to 


requirements. 


Elbow Pattern 

To illustrate this method to better 
advantage, the author presents for 
example an elbow pattern having 
flanges on one end. These flanges 
extend above the main body of the 
pattern and there is danger of their 
breaking if cast solid in plaster com- 
pound. 

A combination split wood and 
metal pattern is first made. In other 
words, the body of the elbow, in- 
cluding coreprints, is made of wood 
and the flanges are cast in alumi- 
num, left loose, and recessed in the 
body of the wood pattern (Fig. 5). 

After the pattern is drawn from 
the sand, the loose flanges are put 
back into their impressions with 
screws in place, by which they are 
anchored firmly into the compound 
(Fig. 6). 

Gates are then cut in the sand 
and risers or vents indicated. The 
mold is finished and the frame is 
laid on the box joint. The number 
and placement of steel strips is then 
determined and the strips anchored 
into place. The mold is then ready 
for closing (Fig. 7). 

After pouring, the plate is brushed 
and al) sand cleaned off. The risers 
are cut off and the plate carefully 
examined for cracks or other minor 
defects, such as shrinkage or poros- 
ity. If any such are apparent, re- 
pairs are made immediately, while 
the compound is still wet. Left-over 
compound is used for this patching 
operation. 

The plate is then sent into the 
pattern shop where it is put aside to 
dry. Approximately 5 hr. is suffi- 
cient drying time, and plates should 
be allowed to dry at room temper- 
ature for best results. 


Drying and Cleaning Plates 

When time is limited, or for rush 
jobs, plates have been dried by hook- 
ing them up over steam radiators. 
This will dry a plate sufficiently for 
working in approximately 2 hr., but 
except where unavoidable this prac- 
tice is not recommended. After the 
plate is dry, finishing girls clean up 
and shellac the whole plate (Fig. 8). 

The following comparative table, 







derived from service records, demon- 
strates conclusively the time saved 
by the composition match plate over 
the all-aluminum plate. 


Combination Metal and Plaster 

Composition Plate 

Time required to make two com- 
bination wood patterns with 
loose metal flanges, hr............... 30 

Cleaning and fitting patterns, hr. 7 


Total time, hr...................°97 
Metal Patterns Set on , 
Aluminum Plate &> 
Time required to make wood 

master pattern and two alumi- 
num split patterns, hr................. 40 


Cleaning and fitting patterns, hr. 24 
cc ee 


Core boxes, dryers, etc., required 
the same time in both cases and are, 
therefore, not shown on the table. 
There is a straight 42 per cent sav- 
ing in hours, but time is not the only 
saving. A monetary saving is also 
effected, not only by cutting down 
the hours but by employing unskilled 
finishing labor. 


Plaster vs. Aluminum Plates 

With the plaster composition 
plate, finishing girls at a lower wage 
will do the required finishing with 
efficiency, but skilled labor at a much 
higher rate of pay is essential for fin- 
ishing the aluminum plate. It is 
quite probable that, in most cases, 
the difference in the wage scale be- 
tween these two classes of labor 
might well be 50 per cent. 


The author does not wish to con- 
vey the idea that he believes the 
plaster composition plate or the com- 
bination of metal and composition 
plate better than the all-aluminum 
plate. He does wish to emphasize 
the fact that they are more flexible 
to work with, less expensive and 
faster, and will produce as good a 
casting as the aluminum plate, which 
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is, after all, the most important fac- 
tor. Thousands of castings have 
been produced off these combination 
plates—castings with tolerances as 
close as 0.015 to 0.031 in. in the 
Class I (to be X-rayed) category. 


Alterations 

After the plate has been made, 
alterations to gates or patterns, 
should any be necessary, can be done 
with much more speed and facility 
on the plaster composition plate 
than is possible on the aluminum 
cast plate. 

For instance, should the gates 
need to be changed, they are simply 
cut off, small cigar box nails inserted 
to act as an anchor for the com- 
pound, new gates shaped to the re- 
quired size in clay and the com- 
pound poured. Whey dry, the new 
gates are trimmed and smoothed 
off with a chisel and the plate is 
ready for production. 

Should patterns require to be 
built up 1/16 in. or ¥% in. or less, 
very small nails are inserted for 
anchors and compound added and 
built up to more than the required 
size. After the compound is dry, it 
is trimmed down to the necessary 
size. Compound will adhere to com- 
pound with such tenacity that the 
addition will not be discernible. A 
smooth, clean and permanent job is 
the result. 

Every patternmaker knows what 
a job it is to build up a pattern on 
an aluminum-cast plate. First, a 
brass or aluminum sheet of the re- 
quired thickness must be screwed or 





riveted onto the pattern. Lead must 
be worked into and over the screws 
or rivets to insure a perfectly smooth 
finish. A great deal of time and care 
are required to trim the addition 
down to the right size to attain a 
smooth and even surface. At best, 
in most cases, the result is a patch- 


up job. 


Conclusion 
In conclusion, the author relates 
an actual incident whereby the sub- 
stantial saving which can be attained 
through the utilization of plaster 
composition plates, can be carried on 
through production in the foundry 
to the customer outside the foundry. 
A quotation was solicited on a cer- 
tain job. It was a small job and a 
short run, but it was important and 
it was urgent, as even the smallest 
jobs are in wartime. At the same 
time, it was not worthwhile to the 
customer to put too much money 
into the job. Solid patterns were 
available, and it was suggested to 
the customer that these be used to 
cast on a plaster composition plate. 
The customer immediately pro- 
tested the cost of plates, but when it 
was pointed out to him that the cost 
of a plate in plaster compound 
would be approximately a third less 
than that of an all-aluminum plate, 
while at the same time patterns 
would be preserved and returned in- 
tact at the completion of the job, 
the proposition was accepted with 
alacrity. 
The advantage of this proposition 
was that the patterns could be re- 
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turned intact to the customer at the 
completion of the job, but of equal 
importance was the small sum of 
money involved, the facility of pro- 
duction, and last but not least, the 
speedy delivery promised 

Further, should additional castings 
off this plate be required at some 
future date but with some altera- 
tions necessary to the patterns, no 
great financial loss would have been 
incurred by the removal of the pat 
terns from the plate, involving the 
breaking up of the compound only 

Had these patterns been mounted 
on an aluminum plate, alterations 
to patterns would have resulted in 
a much greater financial loss, or had 
the old type two-piece frame not 
been superseded by the more eco 
nomical, more facile and speedier 
one-piece type, this gratifying and 
purposeful suggestion could not have 
been made available to the cus- 
tomer. 

This is only one of thousands cf 
such demands which we have been 
called upon to meet during wartime, 
but unlike the beginning, a medium 
by which such demands can be met 
and fulfilled is now at our disposal 
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Special Brick Shapes for 


CUPOLA REFRACTORI 


By H. M. Hazeltine, 
Fremont Foundry Co., Fremont, Ohio 








A 9 in. straight fire brick with a 

34-in. hole located 2 in. from 
the end was used for the tap hole. 
This brick was placed in a vertical 
position and held with stiff bott mud 
made of fireclay, and this formed the 
breast. 

Approximately one hour of more 
or less skilled labor was required for 
the proper installation of this tap 
hole brick. The whole set-up was 
never very satisfactory at the best, 
and on long heats would cause more 
or less trouble. 

Twelve years ago a wooden pat- 
tern that embodied the tap hole 
brick and the breast all in one piece 
was made up. This pattern was sub- 
mitted to a fire brick supplier with 
the request that it be duplicated in 
a fire brick shape. Thirty days later 
ten samples were received, and they 
were perfect in every detail. The 
34-in. hole was just right. The qual- 
ity of the brick was exceptionally 
good, and this tap hole brick has 
been used continuously since that 
time with no trouble of any kind. 

It has definitely proved its merits 
in many ways. It is safe and eco- 
nomical; it can be installed in a 
few minutes and requires no special 
skill. It is almost indestructible. 
This brick is held in place with 
plastic ramming refractory. 

The cupolas are equipped with a 
steel trough 4 ft. long, 12 in. wide 
and 10 in. high. This trough was 
lined with fire brick and daubing 
mud, forming a runway for the 
molten metal to flow from the 
cupola into a receptacle. The trough 
lining was not very satisfactory, as 
trouble was experienced on long 
heats. Each day the trough had to 
be chipped out and repaired, an ex- 
pensive operation, so the question 





* Over a period of years, considerable difficulty had been experi- 


enced in cupola operations at the author's found 


because of tap 


hole, trough, slagging spout and cupola well refractory failures. 
The use of fire brick shapes, specially designed for particular appli- 
cations, eliminated the refractory troubles and made possible sub- 


stantial operating economies. 


was asked, “Why could not this be 
a brick tile of given length and 
width—one that could be laid in 
lengths and form the trough with 
the proper contour, thus making a 
valley for the molten metal to flow 
from the cupola?” The matter was 
referred to a fire brick supplier, and 
a special trough tile 13 in. long, 7 
in. wide and 7 in. high was made. 
These are laid in four lengths, 
bedded in soft, plastic fire clay, and 
held in place with 9 in. straight 
brick on the sides. It requires just 
a few minutes to build the entire 


trough, and anyone can do this work 
as there is nothing complicated 
about it. The life of these trough 
tile in continuous use will vary from 
4 to 6 months, depending upon the 
care taken with them. To prolong 
the life of these trough tile, a /2-in 
layer of plastic ramming refractory 
rammed in the bottom contour of 
the tile is used. It takes just a few 
minutes each day to do this, and it 
protects the joints where the tile 
are placed together. It is surprising 
how easily this layer of plastic ram- 
ming refractory can be scaled off the 


Fig. |\—Cupola slag spout showing specially designed refractory cover in raised position. 
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Fig. 2—Sketches of specially designed cupola refractory bricks. 


next morning after the heat. This 
leaves a clean trough, free of all 
slag that had formed during the 
heat. When the factors of time 
saved, safety, convenience and dur- 
ability are considered, the special 
trough tile proves to be a profitable 
investment. 

The next brick of special design 
to be made up was a 72x77 circle 
brick, which is used as a face brick 
in the well of the cupola below the 
tuyeres. Previously, 14%-in. splits 
placed against the shell of the cu- 
pola, and then 72x84 cupola blocks, 
which were faced off with more 
1%4-in. splits, had been used. The 


facing was about 2 


life of this 








weeks, and it would then have to be 
replaced. Quite often the slag and 
iron had destroyed these splits, and 
removing them would cause damage 
to the blocks, making an uneven 
contour in the lining. In relining 
the cupola every 6 months, the en- 
tire base of the well had to be re- 
placed, causing work and 
expense. 


extra 


Since using the new 72x77 curved 
brick for facing, all of this previous 
trouble has been eliminated. These 
brick will last in continuous service 


for from 6 to 8 weeks. To remove 


and replace these brick requires only 
30 minutes, and they preserve the 
main base of the well indefinitely. 
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The author wishes to state here 
that “a refractory is only as good 
as the bond that holds it.” Slag and 
molten metal will attack the joints 
and, unless care is used in selecting 
a good bonding material, the life of 


the refractory will be nil. 


Cupola Slag Spout 
A cast iron cover was used for 
The entire cover was 
of gray iron and the life would vary 
considerably. 


the slag spout. 


The top of the cover 
would burn through, and this would 
occur during the heat, causing much 
delay and inconvenience. The trou- 
ble was overcome by having a cover 
made with an open top and a spe- 
cial brick tile to fit the opening. 
This fire brick tile cover has proved 
to be a success in every way. The 
life of these covers is about 6 wecks. 
They are held in place with a steel 
bar fitted on stud bolts on each end 
of the cast frame and secured with 
wing nuts, which has proved to be an 
ideal arrangement. The cover has 
eliminated all of the sparks and min- 
eral wool coming from the slag hole. 
To replace these cover tile takes only 
60 seconds. 

All of these brick are of special 
design, each has its own function 
and they have proved to be far su- 
perior to anything that has been 
previously used. 





This paper was secured as part of 
the Program for the 1945 "Year- 
‘Round Foundry Congress” and is 
sponsored by the Refractories Com- 
mittee of A.F.A. 














Malleable Sand Control 


Summary of Questionnaire 


WELVE questions, designed 
to give a broad picture of 


malleable sand control prac- 
tices, are answered by 14 plants. The 
reports given by all plants are listed 
under each question. 


1. Type of castings produced. 

Plant No. 1—Tractor, light and 
heavy duty trucks, agricultural im- 
plements including chain links and 
roller bearing ends, and Ordnance 
castings. 

Plant No. 2—-Automotive castings 
such as large housings weighing up 
to 80 Ib. down to very small cast- 
ings. Jack parts, such as gears, bases 
and frames are also produced. 

Plant No. 3—Railway, tank, anti- 
aircraft, prime mover M-6, etc., of 
Ordnance. 

Plant No. 4—Automotive, agricul- 
tural, Ordnance. 

Plant No. 5—Pipe fittings. 

Plant No. 6——Pipe fittings and small 
valves. 

Plant No. 7—Railroad casting, 80 
per cent of production; gear hous- 
ings for road machines. 

Plant No. 8— Railway, agricul- 
tural implement, auto accessories, 
and general miscellaneous. 

Plant No. 9—Electrical apparatus. 

Plant No. 10—Tractor axle hous- 
ings, truck differential housings, dif- 
ferential cases, etc. 

Plant No. 11—Automobiles, hard- 
ware, railway, couveyor castings. 

Plant No. 12—Malleable chain 
and job castings. 

Plant No. 13—-Ordnance work, 
truck, tank, railway, hardware, farm 
implements. 

Plant No. 14—Mostly truck and 


tractor castings. 


2. Are the castings produced of a 
jobbing nature or are they used in 
the company product? 

Plant No. 1—Almost all castings 
are used in company products. 

Plant No. 2—Jack parts are used 
in the company product. The bulk 
of work is for outside customers. 

Plant No. 3—Jobbing. 

Plant No. 4—Of jobbing nature. 


* A summary of the answers of 
some 14 companies to a ques- 
tionnaire on malleable sand con- 
trol, to be included in the sym- 
posium with the several papers 
prepared at the request of the 
Malleable Division Program 
Committee as the Division's con- 
tribution to the 1945 Program. 
The ultimate objective of the 
Division is to later incorporate 
all of these symposia in a book 
on malleable foundry practice. 
Previous symposia covered (1) 
Graphitization of White Cast 
Iron, (2) Malleable Iron Melt- 
ing, [3] Gating and Heading. 


Plant No. 5—Ninety-five per cent 
product. Five per cent jobbing. 

Plant No. 6— Used in company 
product. 

Plant No. 7—Railroad castings 
produced for company’s end prod- 
uct—brakebeams and freight car 
door parts. Gear housings and mis- 
cellaneous jobbing castings on job- 
bing scale. 

Plant No. 8—Jobbing nature. 

Plant No. 9—Company product. 

Plant No. 10—Castings produced 
are company product, cast in pro- 
duction quantities. 

Plant No. 11—Both company 
product and jobbing. 

Plant No. 12 — Seventy-five per 
cent used in own product and 25 
per cent job castings. 

Plant No. 13—Jobbing. 

Plant No. 14-—Strictly a jobbing 
foundry. 


3. Average weight of castings. 

Plant No. 1—Average weight, 0.8- 
0.9 Ib. 

Plant No. 2—Great variation in 
casting weights. Average: about 
10 Ib. 

Plant No. 3—Six lb. 

Plant No. 4—From 2 to 3 Ib. 

Plant No. 5—From 2 to 50 tb. 

Plant No. 6—One |b. 

Plant No. 7—Railway castings 
average 22 lb. Jobbing castings av- 


erage 32 Ib. 
Plant No. 8—Average of 1.5 lb. 
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Plant No. 9—Average of 4.7 Ib. 

Plant No. 10—The average 
weight of castings produced would 
be about 50 lb. These range from 
15 to 65 lb. 

Plant No. 11—1%2 |b. 

Plant No. 12—04A Ib. 

Plant No. 13—7 |b. 

Plant No. 14—11.4 lb. (approx.). 


4. Are special casting finishes nec- 
essary, such as special grade, fine, or 
can they be medium, or is smoother 
surface demanded? 

Plant No. 1— We need a very 
smooth finish on chain links, roller 
bearing ends and many other very 
small castings. The heavier tractor 
and truck castings may have a 
medium finish. 

Plant No. 2—Medium finish. 

Plant No. 3—A relatively smooth 
surface is required—all castings 
varying in degree by the size of the 
casting. 

Plant No. 4—For our general line 
of work a medium finish is sat- 
isfactory. Light work requires a 
smoother finish. 

Plant No. 5—Surface suitable for 
galvanizing. 

Plant No. 6—Fine finish. 

Plant No. 7—Railway casting fin- 
ish, medium; jobbing castings, fine. 

Plant No. 8—Some few jobs re- 
quire a finish smoother than that 
obtained by wheelabrator cleaning. 
and they are usually handled with 
sand blast using grit. 

Plant No. 9—Medium finish. 

Plant No. 10—No special finish 
or smoothness is required. 

Plant No. 11—Medium finish. 

Plant No. 12—25 per cent fine 
finish, 75 per cent medium finish. 

Plant No. 13—Casting finish is 
medium on most work; just a few 
jobs need a special finish. 

Plant No. 14— Medium surface 
conditions prevail. 


5. Does plant have sand handling 
equipment, and is the sand supplied 
to the molders by continuous system, 
periodic or by heaps? 

Plant No. 1—We use a sand sling- 
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er on one large floor but all squeez- 
ers and machine molds are worked 
from heaps. 

Plant No. 2— Molders are sup- 
plied by heaps. 

Plant No. 3—A No. 1% muller 
type pan mixer. By the wheel- 
barrow full. 

Plant No. 4—No. Sand is sup- 
plied to molders by heaps. 

Plant No. 5— Continuous sand 
handling. 

Plant No. 6— Continuous sand 
handling system. 

Plant No. 7—Sand reconditioning 
available; facing sand prepared and 
furnished to molders by trucking. 
Some heap sands on side floors. 

Plant No. 8—No. 

Plant No. 9—No sand handling 
equipment. 


Plant No. 10—Sand is supplied 


to the molders by a _ continuous 
system. 

Plant No. 11 —Yes, continuous 
system. 

Plant No. 12—Individual heaps 
only. 

Plant No. 13— Two continuous 


systems (slinger and hopper lines) ; 
one-third of plant operates by heaps 
and facing. 

Plant No. 14—No. 1 and No. 2 
foundries are equipped with con- 
tinuous sand handling systems. No. 
3 foundry, which is light bench 
work, is worked from heaps cut back 
to benches with sand cutter. 


6. Give some explanation of equip- 
ment used for sand processing. 

Plant No. 1—We have four gaso- 
line motor driven sand cutters, thrice 
sand slingers used as sand conditic::. 
ers, and six portable type sand con- 
ditioners. 

Plant No. 2—Heap sand is first 
put through aerator, after wetting, 
and then taken in boxes to facing 
mill where it is put through screen 
and falls on belt which carries it 
over magnet to remove metal. Sand 
falls into skip hoist where correct 
amount of new sand and sea coal is 
added. The measurement is volu- 
metric. When one skip hoist has 
enough old sand, the old sand is run 
into another. The skip hoist raises 
sand in the two muller-type, pan 
mixers where southern and western 
bentonite and water are added. The 
finished facing goes into box which 
is transported by truck to the mold- 
ing floor. 

Plant No. 3—For each wheel- 


barrow full of facing delivered to 
the molders, about 3% of a wheel- 
barrow of his heap sand is brought 
back to the facing room, where it 
is dumped on a screen to remove 
any chills or particles of iron in the 
sand; and then about 70 per cent 
of this returned screened sand is 
dumped into lift bucket on the No. 
1% muller-type pan mixer, and to 
it is added new opener sand, new 
molding sand, southern bentonite, 
and sea coal according to the type 
of facing desired, and then mulled 
in the mill for 5 min., at which time 
it is properly tempered with water 
and then discharged through aerator 
attachment from outlet of mill into 
wheelbarrow, and then dispatched 
to molders needing it. 

Plant No. 4—Heaps are cut 
nightly with a sandcutter. Floors 
having cores and chills are riddled. 
A muller-type, pan mixer is used for 
mulling facing sand. 

Plant No. 5—Elevated from floor 
through rotary riddle, tempered, 
through paddle mill onto cooling 
belt, then through revivifier to dis- 
tributing conveyor to molders’ hop- 
pers. 

Plant No. 6—Riddles, pug mill, 
cooling belt and aerators. 

Plant No. 7—Used sand is brought 
to floor grating, dumped at night 
and elevated to storage bins. Batch 
type preparation in two muller-type, 
pan mixers produces the required 
facing sands stored in overhead bins 
from which withdrawals are made 
by truck to the respective molding 
floors. 

Plant No. &—Sand reconditioned 
in muller-type, pan mixer after ad- 
dition of illite-type clay. 

Plant No. 9—Facing used on ll 
patterns. Mixed in muller and put 
through aerator. 

Plant No. 10—Spill and shakeout 
sand return to storage bins. This 
is then fed with new sand addition 
to mulling machines. After mulling, 
sand is delivered to hoppers above 
machines or slingers. 

Plant No. 11—Return sand from 
the shaker to a dry sand storage bin, 
then mixed in sand muller, where 
clay, sea coal and water are added. 
A prepared sand bin holds some 
50 tons. This prepared sand goes 
through an aerator and is carried 
on belts to conveyor lines where it 
is ploughed off into hoppers for use 
by the molders as may be required. 
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Plant No. 12 
mixer for facing sands only 
Plant No. 13—Two 3000-lb. 


mu ler-type, pan mixers produce a 


A muller-type, pan 


facing-backing sand for a continuous 
slinger mold conveyor line, and a 
continuous hopper mold conveyor 
line (each One- 
third of plant operates by facing and 


a separate unit 


heaps. 

Plant No. 14—In No. | and No. 2 
foundries, sand is supplied to mold- 
ers in bins above their machines. 
Sand is mixed in a high speed muller 
and delivered by means of elevatoc 
to overhead conveyor belt and dis- 
charged into bins. Sand is fed to 
molds from bins through conven- 
tional clam shell spout. 


7. Does plant have own sand con- 
trol laboratory? If feasible, give 
some description of sand control 
equipment as to type. 

Plant No. 1—We have our own 
sand Moisture 
teller, sand ramming apparatus, per- 
meability apparatus and hand op- 
erated dead-weight type apparatus 
to determine compressive green and 


control laboratory. 


dry strength of molding sands. 

Plant No. 2—The metallurgical 
laboratory takes sand tests. Equip- 
ment includes motor driven sand 
strength machine, permeability me- 
ter, sand rammer, moisture teller 
and bomb-type moisture tester. With 
the latter type apparatus, the mois- 
ture is determined by the pressure 
of acetylene gas on a pressure gauge 
calibrated in percentage moisture. 
Calcium carbide is added to the 
sample. We prefer this apparatus 
because of speed and convenience. 

Plant No. 3—Yes. We use the 
green bond compression machine, 
permeability meter, bomb-type mois- 
ture tester and U. S. standard 
screens. 

Plant No. 4—Yes. 
ture teller, sand rammer, permea- 
bility meter and strength machine. 

Plant No. 5—Control moisture, 
permeability, green and dry shear, 
compression and fineness. 

Plant No. 6—Foundry has sand 


control laboratory with proper equip- 


We use mois- 


ment. 

Plant No. 7—Sand control equip- 
ment available and utilized in part 
for sand control. Equipment con- 
sists of specimen rammer, permea- 
bility meter, moisture teller, strength 
machine. 

Plant No. 8—Laboratory runs per- 
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meability, dry and green strength, 
moisture from samples taken from 
heaps, usually every other day. Ad- 
ditions are made as necessary to 
maintain required permeability and 
dry strength. 

Plant No. 9—Yes. Moisture, per- 
meability and green strength. 

Plant No. 10—Foundry does have 
sand control laboratory. For green 
strength and permeability the usual 
equipment is used. For moisture de- 
terminations, a carbide determinator 
is used. A cement tester is used for 
core tensiles and a dilatometer 1s 
used for hot properties. 

Plant No. 11—Yes. Moisture test- 
er, bond-shear machine, permeability 
machine, muffle furnace, core bak- 
ing oven, clay wash, core gas de- 
terminator. 

Plant No. 12—We have sand con- 
trol laboratory equipped as follows: 
moisture teller, sand rammer, core 
dryer, permeability meter, motor op- 
erated strength tester. 

Plant No. 13—Yes. Moisture teller, 
bomb-type moisture tester, rammer 
mounted on wooden pedestal, per- 
meability meter, strength machine, 
flowability meter, deformation me- 
ter, small oven for dry bond testing, 
and screen series and shaker. 

Plant No. 14—We have sand con- 
trol laboratory. Sand is checked 
every half hour for moisture, per- 
meability, green compression, and 
deflection. Sieve tests are taken once 
a week, or oftener if necessary. 


8. Does plant have specifications for 
buying sands? If so, give examples. 

Plant No. 1—We purchase stand- 
ard grades of natural bonded mold- 
ing silica (washed) and Lake sands, 
common in this district which have 
proven satisfactory for our facings 
and heaps, taking into consideration 
the conditions our sand heaps re- 
tain by their additions. 

Plant No. 2—The following are 
typical sand analysis: 
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Plant No. 3—No, but are now in 
process of setting them up. 

Plant No. 4—Sand is purchased 
by name and grade thus: South Y 
Heavy; Helmick No. 14; Silica sand 
IF; Vassar bank sand. We make 
our own heap sand mixtures from 
above sands, adding fire clays for 
bond. 

Plant No. 5—Specification calls 
for not over 8 per cent moisture in 
car. A.F.A. fineness number and 
clay content. 

Plant No. 6—No natural molding 
sand bought; use synthetic molding 
sand. 

Plant No. 7—Yes, but incomplete. 

Plant No. 8—In our purchase of 
naturally bonded sands we try to 
secure a sand having the permea- 
bility needed with as high a bond 
as available, having in mind the 
heat resisting properties of the par- 
ticular sand. 

Plant No. 9—Do not have our 
own specifications. Buy from sam- 
ples based on tests. 

Plant No. 10—Plant has specifica- 
tions for buying sand. 

Bank Sand. The material desired 
is a sand that is suitable for use in 
making molds and cores. 

(1) Size. Not less than 15 per 
cent, nor more than 45 per cent, 
should remain on the 70-100 mesh 
screens, balance through 100 mesh. 

(2) Chemical. This sand should 
not contain less than 85 per cent 
SiO, (silica) and not more than 6 
per cent Al,O3. 

(3) General. This material must 
be clean, being free from quicksand, 
roots and all foreign matter. 

(4) Methods of Tests. Tests will 
be made in accordance with the 
A.F.A. standard methods on the 
original lot furnished at the time 
contract is made. All subsequert 
shipments must be of equal or bet- 
ter quality. 

Silica Sand. The material desired 
is a sand known to the foundry 
trade as a crude silica sand. 

(1) The desire is to obtain as 
uniform rounded grain as possible. 
On a screen test not less than 80 per 
cent must remain on the 40 and 70 
mesh screens, none remaining on the 
10 mesh and not more than 10 per 
cent passing through a 100 mesh. 

(2) Chemical. On analysis this 
sand should show not less than 95 
per cent SiO, (silica) and not more 
than 1.5 per cent CaO plus MgO. 
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A highly siliceous sand will be given 
preference. 

(3) General. This material must 
be clean free from roots and al! 
foreign matter. 

(4) Method of Test. Tests will! 
be made according to the A.F.A 
standard methods on the original 
lot furnished at the time contract is 
made. All subsequent shipments to 
be of equal or better quality. 

Plant No. 11—Bank Sand Sheci- 
fications. 
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Chemical Composition. This sand 
shall have a colloidal content of less 
than 0.75 per cent and a total alkali 
content of less than 1.0 per cent; 
also, free of roots and other foreign 
material. 

Sharp Sand Specifications. 


ee La 
Screen 
No. Max. Min. 
6 | 7 
12 ee ose SS Se 
20 0.50 
40 ae... sabe 
/ Si een 88.00 
100 RE tiles 28> 
150 ee tr 
200 en 
270 ee 
Pan jaar 


Chemical Composition. The total 
colloidal matter plus alkali shall be 
less than 1 per cent. Sand shall be 
98.0 per cent SiOQ,. 

Plant No. 12—-We have sand spe- 
cifications for purchasing. Some ex- 
amples are: 

Grain size No. 2 

Class—D 

Clay—9-10 per cent 
Grain size No. | 

Class—E 

Clay—15 per cent 

Plant No. 13—Yes. Shirland and 
Berlin No. 2—A.F.A. fineness 72. 

Plant No. 14—No. Molding sand 
is purchased as such. A large pro- 
portion of core work keeps system 
supplied. 

9. Are specifications or standards 
available for sand as used in heaps 


or systems? 
Piant No. 1—On the slinger floor 


we keep the moisture at 3.5-4 per 
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ent, compressive strength, 4-5 psi., 
nd a permeability of 140-160. This 

maintained by Lake sand addi- 
tions with a colloidal clay, and the 
facing used has a moisture of 3 to 

} per cent, compressive strength, 
11-10 psi., and a permeability of 
170-190. The heaps of sand used 
for medium castings have moisture 
of 4-5 per cent, a strength of 5-8 
psi., depending upon the type ol 
casting to be made, and a permea- 
bility of 70-120. 

[he lighter castings are made 
with Champion sand from heaps. 
[he moisture is 3.5-4.5 per cent, 
strength, 3-5 psi., and permeability 
of 20-35 

Plant No. 2—Average facing sand 
mixture should run as follows: 


Green bond, percent 5.5 7.0 
Sea coal, per cent 3.0 5.0 
Permeability 120 140 
Moisture, per cent y A 3.75 


Plant No. 3—We endeavor to fol- 
low the specifications shown in 
lable 1 on the various types of fac- 
ings as they come out of the mill. 
Raw sand analysis is shown in 
Table 2. 

Plant No. 4—Records are kept of 
sand mixtures best suited for certain 
jobs, and sand heaps are built up 
to these standards. 

-lant No. 5—Yes. 

Plant No. 6—Yes, green strength. 

to 8 psi., permeability, 80, mois- 
ture, 4 to 5 per cent. 

Plant No. 7 — Specifications for 
sand mixtures are given. 

Plant No. 8—No. All our sand is 
in heaps and treatment for each 
heap is made suitable for the job 
running at the time. 

Plant No. 9—No. 

Plant No. 10—For malleable cast- 
ings having large amounts of cores 
the following specifications are used: 
Green strength, 9-12 psi. Permea- 
bility, 150-180. Moisture, 2.2-3.2 
per cent. For smaller castings, per- 
meability is 120-150. 

Plant No. 11 —Malleable Sand 
System. 

Moisture, per cent 4 
Permeability 1 
Bond, per cent 7 
Sea coal, per cent 5 
Dry strength, psi. 75 
Fineness, A.F.A. 5 
Clay Content, percent 5 
Shear, psi. 2 

Plant No. 12—Yes. An example- 
moisture, 6 per cent; permeability, 
50; green compression strength, 6. 

Plant No. 13—Yes. A screen test 


Table 1 


MALLEABLE SAND Mixturest 


Sand Mixtures 


No. 1 No.2 No. 3 No. 4 


Light Heavy Extra Heavy 

Castings Small Medium Large Extra Large 
Section, in Oto % “4% to % % up % up 
Weight, lb Oto 1 1 to 10 10 to 50 50 up 


Specifications 


Permeability 25+10(31)* 452+15(35)* 602715 (46)* 75215 (62)* 


l 
Green Strength, psi 6+1 (6.7)* 7+1 (8.7)* 8+ 1(8.9)* 1(8.3)* 
Moisture, per cent 5+0.5(5.5)* 52+0.5(5.5)* 5.5+0.5(5.5)* 5.5270.5(5.0)® 
Sand Mixture, qt 

Opener—Bank (0% 40 40 80 

or Ottawa Bank Bank Ottawa Ottawa 
New Nash or i 24 24 24 24 

No. 2 King { Nash King No. 2 King No. 2 King 
Sea Coal, qt 6 6 6 6 
Binder, qt 2 3 4 ) 
Old Heap,? qt 221 221 221 178 


*Numbers in parentheses are representative actuals 

**No. 8 scoop used averages 8 qt 

tTo fill remainder of 300-qt. bucket. 
tAverage of all four mixtures, percentage composition Opener, 16.7; new, 8.0; sea coal, 2.0; 
southern bentonite, 1.3; old heap, 72.0 


is run once a week to aid in check- are taken from three points, at the 
ing grain fineness of heaps against two ends and center of heap. 
basic sand. Plant No. 5— Daily. Complete 


Plant No. 14 No specifications test in a.m. and p.m. 
Plant No. 6—Sands checked 


written up. 


10. How are sands checked, daily or hourly. 
periodically? Please give periods of Plant No. 7—Sands are checked 
checking. on periodic schedule daily. 

Plant No. 1 —All facings are Plant No. 8—Usually every other 
checked each day on an a.m. and day. Sample taken from three places 
p.m. basis, with many types checked in heap. 
as to each batch mixed. Certain sec- Plant No. 9—Each batch of fac- 
tions of the heaps are checked each ing sand is tested for moisture, per- 
dav as are special heaps. meability and green strength. 

Plant No. 2—-A minimum of two Plant No. 10—Molding sand 1s 
tests for each 8-hr. shift are taken. checked on each system every half 

Plant No. 3—Once or twice a hour. Core sand is checked daily for 
week the various facings and sev- tensile properties and weekly for 
eral of the heaps are checked for hot properties. 
permeability, green bond and mois- Plant No. 11—Every half hour for 
ture. If found to be coming outside moisture, bond and permeability; 
of specified limits, slight changes once a day for sea coal and dry 
are made in mixtures to bring them strengths. Fineness and clay content 
back. once a week. Shear, once an hour. 

Plant No. 4—Facing sand, every Plant No. 12—Checked weekly. 
batch. Heap sand, nightly. Samples Plant No. 13—Checked daily, 

Table 2 
APPROXIMATE ANALYSIS OF Raw SANDS 

No. 2 Vassar 

King Bank Nash Ottawa 
Clay, per cent 22.8 0.4 17.4 Less than 2 
A.F.A. Fineness 104 101 133 25 (approx. } 
Permeability* 65 110 30 400+ 
Green Strength’, psi. 7 0 6.2 0 
Dry Strength*, psi. 20 0 21.0 0 
Sintering Point, ° F. _— ee 


*Moisture content, 6 per cent. 
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morning and afternoon by sand 
supervisor and assistant. 

Plant No. 14—This was answered 
under No. 7. 


11. What are considered essential 
fundamentals of your sand control 
work? 

Plant No. 1 
sential to our sand control work to 
keep our permeability and strength 
within limits. This is tied in very 
closely with metal and gating prac- 
tice to eliminate shrinkage and 
cracks. Another feature in line with 
permeability is to use a special grade 


We consider it es- 


of sea coal which is somewhat 
coarser than that ordinarily used on 
heavy gray iron work. Whenever 
necessary we add pure lake sand to 
heaps for certain types of castings 
if previous jobs did require a finer 
sand. We also make use of the addi- 
tion of a synthetic sand in addition 
to heaps of lake sand and clay to 
keep both strength and _ permea- 
bility. 

Plant No. 2—Daily tests on the 
sand for green compression strength, 
permeability, moisture, and sea coal 
are considered essential. 

Plant No. 3—(1) Periodic checks 
for desired specifications. (2) Fol- 
lowing-up appearance of castings for 
smoothness attained. (3) Seeing that 
laborers do not sidetrack use of 
screen. (4) Endeavor as much as is 
practicable, to use old heap sand in 
making up the different mixtures 
from heaps on which that type of 
facing is used. (5) Measure sea coal 
and binder with containers for that 
purpose—not with the scoop. 

Plant No. 4—The setting up of 
standards of moisture, permeability 
and strength for all jobs, and strict 
adherence to these standards, thus 
eliminating scrap losses due to un- 
suitably conditioned sand. 

Plant No. 5—Keep within per- 
meability limits, moisture control 
and bond. 

Plant No. 6—Hourly checking for 
standards given in (9). 

Plant No. 7—Hot strength of 
sand. 

Plant No. 8—Proper strength to 
withstand duty in molding and per- 
meability. Heat resisting properties. 

Plant No. 9—Moisture, permea- 
bility and green strength held within 
limits prescribed for various classes 
of work. 

Plant No. 10 — Essential funda- 
mentals in sand control work are: 


Green strength for control of hot 
tears; collapsibility of cores for con- 
trol of cracks and hot tears; per- 
meability for elimination of blows; 
and moisture control for eliminating 
dirt and blows. 

Plant No. 11—(1) To control uni- 
form quality of sand. (2) To help 
control casting defects due to sand 
troubles. (3) To carry out investiga- 
tions. 

Plant No. 12—Moisture and per- 
meability. 

Plant No. 13—A basic sand suited 
to the type of castings produced; 
moisture control, permeability con- 
trol, strength control. 

Plant No. 14— Permeability of 
over 80. Moisture, 5.0 per cent or 
under. ‘ 


12. Give any special information as 
to sand control work in keeping with 
your policy. 

Plant No. 1— The sand control 
work is followed very closely by 2 
woman employee who makes re- 
ports daily to the furnace foreman 
and to the foundry management of 
sand and facings used on the first 
shift. We also have a foreman whose 
duties are only to watch and check 
all facings and heaps on the second 
and third shifts. 

Plant No. 2—We consider suffi- 
cient mulling very important. Be- 
cause of the time element our 
mulling time is about 3 min. We 
would prefer 5 min. if possible. 

Plant No. 3—Much more atten- 
tion even than we are now giving it 
will pay big dividends in reduction 
of scrap. At present, the shortage 
of proper type of laborers and semi- 
clerical subforeman type of super- 
vision is a great handicap to better 
control and speedier progress. 

Plant No. 4—No comment. 

Plant No. 5—All our system sand 
is equivalent of facing sand. 

Plant No. 6— Know of nothing 
special about our sand control work. 

Plant Ne. 7—Study of behavior 
of sand mixtures used in respect to 
high temperature effects. 

Plant No. 8—No comment. 

Plant No. 9—No comment. 

Plant No. 10—No comment. 

Plant No. 11—(1) Inspect and 
test all incoming raw materials. (2) 
Investigate new products. (3) Main- 
tain records of sand tests and 
investigations for future references. 
(4) Correlate scrap and sand trou- 
bles to minimize amount of scrap. 











MALLEABLE SAND CONTROI 


Plant No. 12—Control of dry 
strength is very important for malle- 
able products. 

Plant No. 13—In the control of 
molding sand, we are constantly aim- 
ing for the following: (1) To pre- 
pare a sand that can be easily worked 
by the molders and reduce molding 
losses to a minimum; (2) a sand 
that will produce castings free from 
cuts, blow holes, scabs, roughness, 
dirt and other defects; (3) a sand 
that will clean easily from the cast- 


ings; (4) a sand that can be pre- 
pared for nominal cost. 
Plant No. 14—Covered under other 


questions. 


Discussion 

W. A. KENNEDY’ (written discussion): 
The replies to the questionnaire on 
“Malleable Sand Control” serve to em- 
phasize the complexity of a problem 
which is of vital importance in the op- 
eration of a modern foundry. Quite 
logically and rather definitely the indi- 
cations are that it is economically im- 
practical to consider any move leading 
to the standardization on one grade or 
type of sand, with the result that the 
various foundries start off with a -wide 
range of variable factors which have di- 
rect bearing on the important questions 
of bond, permeability, and fusibility. 

The replies indicate that the impor- 
tance of adequate bond and permea- 
bility are generally recognized, and there 
is a gratifying indication that up-to-date 
testing devices and plant operating pro- 
cedures are being employed for periodi- 
cally checking both of these points. Onl; 
two of the foundries mention refractori- 
ness or hot strength of the mixture as 
being subject to follow-up control. Pos- 
sibly this matter was slighted in filling 
out the questionnaire and is being given 
more consideration than is indicated by 
the replies, but if not it may be some- 
thing which can properly receive more 
general consideration. It seems probable 
that this is a point which will be dis- 
cussed at some length in one or more of 
the papers which are now being pre- 
pared. 

Question No. 4 brings up a problem 
which may warrant some study with the 
ultimate end in view of setting up some 
practical working standards. For in- 
stance, a set of photographs might be 
selected as representing a number of 
commercially acceptable finishes ranging 
from “fine” to “coarse,” the coarse grade 
to be set at a limit which would be ac- 
ceptable under conditions such as those 
which would hold for Plant No. 10 but 
still be in line with reasonably good 
practice from an industrial angle. If 
this were to be done, the Association 
would then be in position to issue a strip 
of half-tones showing at full size or at 
ordinary reading glass magnifications an 
acceptable definition of a range which 

1Supervisor of Products, Grinnell Co., Provi- 
dence, R. L. ‘ 
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finish would be 








Although the details apparently differ, 


the ven " principles Or sand processing 
see to be the same he plants appear 
to be ibout evenly divided between the 


ise of heaps and continuous sand han 


dling systems. Facing sands are prepared 
by mulling shakeout sand with new sand, 
bond. sca coal and water Che ample 


ise of sand testing and control equip- 


ment is noted to be common to all 


plants 4 more or less representative 
layout includes: Moisture tester, permea- 
bility apparatus, strength machine (green 


ind dry strength), specimen rammer, 


screen series and shaker (grain distribu 
tion and fineness 

Other tests mentioned in isolated in- 
stances were hot property tests employing 

dilatometer and the determination of 
deformation and flowability character 
stics 

Most of the plants attempt to set up 
some type of specification for buying 
thei sand There appears to be a good 
deal of divergence in this respect A] 
though each plant has its own reasons, 
no doubt, for their choice of specifica 
tions, that stated by Plant No. 10 ap- 
peared to be concise and to cover the 
purchasing of this important raw mate- 
rial rather thoroughly 

Again each plant must have its own 
ideas for the sand standards they are 
employing for their heaps or systems 
However, the thoroughness of Plant No 
} and Plant No. 11 might yield the best 
results in the long run. It would seem 
that adherence to such standards plus 
the keeping of close records against Cast- 
ing yield or quality would pay good 
dividends The value of close checking 
of the standards they have set up appears 
to be recognized by all plants answering 


the questionnaire. This is emphasized by 
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Fig. |\—Rectangular panel attached to the six-bar test casting. 


Effect of Gas on the Properties of 


MAGNESIUM 
Sand Casting Alloys 


By R. S. Busk arid R. F. Marande, 
Metallurgical Dept., The Dow Chemical Co., Midland, Mich.., 
and W. C. Newhams, Metallurgical Dept., Bay City, Mich. Div. 


HE problem of gas in magnes- 
ium has not been generally 
recognized since the pinhole type of 
porosity found in other metals rarely 
occurs. The possible existence and 
the effects of microshrinkage in mag- 
nesium castings have been known 
for some time. Investigation has 
shown that gas will produce an ap- 
pearance substantially the same as 
microshrinkage. 

During numerous experiments the 
observation was made that the sever- 
ity of microporosity is proportional 
to exposure to moisture. Also, dry 
hydrogen gas bubbled through a 
molten magnesium alloy will pro- 
duce all stages of porosity from a 
gradual increase in microporosity to 
hot tears and bubbles. 


Many Tests Made 


Many tests have been made to 
find suitable methods of removing 
the effects of gases, and particularly 
hydrogen, in metals. In general, two 
methods have proved to be success- 
ful’; (1) lowering the partial 
pressure as by standing or bubbling 
a gas insoluble in the metal, and (2) 


agent that reacts 


introducing an 


with the hydrogen in such a way as 
to remove it. An effective method 
of removing hydrogen by lowering 
the partial pressure only is by bub- 
bling an inert gas, e.g., helium, 
through the molten How- 
ever, chlorine is more effective be- 


metal. 


cause it not only reduces the partial 
pressure but also combines with the 
hydrogen. 
Work on Two Alloys 

All of the work reported in this 
paper is confined to two alloys, com- 
positions of which are given in 
Table 1. 

It was necessary to develop a nu- 
merical system of measuring the de- 


gree of porosity characteristic of a 


given melt. A series of shapes was 


tried. including a wedge, a cone and 
several types of rectangular and tri- 
angular panels. One _ rectangular 
and one triangular panel were finally 
selected, as shown in Figs. 1, 2, 3 


and 4 


designed that there always will be 


The rectangular panel is so 


porosity in the end farthest from the 


gate, with the commercial alloys 
studied. As the porosity tendency of 
the alloy increases for any reason. 
the porosity will progress toward the 
gate until it permeates the whole 
panel. Thus the amount of space 
left free of porosity is a measure of 
This 
studying low 


“C” alloy 


the soundness of the alloy. 
panel is suitable for 


porosity alloys, such as 


Triangular Panel Porosity Free 


The triangular panel was de- 


for “H” alloy 
is porosity free. As 


veloped specifically 
and normally 
gas is introduced or picked up, por- 
osity will begin to appear at the gate 
or base end of the triangle and pro- 
Thus the 


space in 


gress toward the 


apex. 
length of porosity-free 
inches from the apex toward thi 
gate end is a measure of the sound- 
ness of the melt. The appearance 
and rating system of porosity in the 
triangular panel is illustrated in Figs 
9 to 10 inclusive. 

The effect of pouring temperature 
and the consistency of the results 
with the triangular panel are illus- 
trated in Table 2. The figures shown 
represent an average of the ratings 
obtained on four panels poured at 
each temperature. The ratings were 
consistent to plus or minus 12 in. at 
1300 to 


the average ratings agreed 


each temperature. From 
1600° F. 
to within plus or minus one inch 
All panels discussed in this papet 
F., and a dif- 
ference of one inch is considered sig- 
nificant. 

Test bars usually are sound, but if 


were poured at 1400 


appreciable gas is present porosity 
may appear. At such times the test 


Table 1 


COMPOSITIONS AND HEAT TREATMENTS OF ALLOYS 


Typical Heat Treated 
Tensile Properties 


Elon- 
gation, Yield Tensile 
Composition, per cent per cent Strength, Strength 
Alloy Al Zn Mn Meg Heat Treatment in 2 in. pst. pst 
C 8.3-9.7. 1.7-2.3 0.10 Rem 2 hr. from 500° F. to 10 16,000 40,000 
770° F 16 hr. at 770° F. 
H 5.3-6.7  2.5-3.5 0.15 Rem 2 hr. from 500° F. to 12 14,000 40,000 
730° F. 10 hr. at 730° F 

















S. Busk, R. F 


ir itself may be used as a measure 
the amount of gas present. As 
hown in Fig. 1, a 6-bar test bar pat- 
rn was used instead of the conven- 
onal 4-bar type. The former was 
hosen because this 6-bar pattern is 
nore sensitive to porosity than the 
itter. 
Experimental Data 
The apparatus used for introduc- 
the various gases is shown in 
Fig. 11. This assembly was developed 
vecifically for introducing chlorine 
ind consists of the gas cylinder and 
ressure gauge, a rubber tube, an 
ron tube and, finally, a graphite 
tube leading into the metal. A plain 
teel pipe would have sufficed for all 
rases except chlorine, but, to avoid 
hanging, this apparatus was used 
throughout. Tensile properties were 
determined on ¥-in. diameter bars 
without machining. All bars were 
tested in the solution heat treated 
tate (Table 1). The yield strength 
defined as the stress at which there 
0.2 per cent deviation from the 
odulus line. The elongation is 
iven in per cent in 2 in. 
Metallographic examination* was 
ide by cutting samples at the frac- 
ture from the bars having the high- 
st and the lowest tensile strength 
n each set of six. The average grain 
diameter is expressed in inches. The 
degree of solution obtained during 
heat treatment is indicated by the 
ompound rating which is zero for 
omplete solution and 10 for as-cast 





Fig. 3—Sketch of rectangular panel. 
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Fig. 2—Triangular panel. 


metal. Voids due to microporosity 


or heat treatment (burning) are 
rated on a scale which is similar to 
that used for compound. 
Laboratory Tests 

Preliminary experiments in which 
various gases were bubbled through 
molten magnesium alloys 
that only hydrogen and water vapor 
caused the extreme type of porosity, 


showed 
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evidenced by gas bubbles in the ris- 
ers. Winterhager® also has shown 
that hydrogen is the major gas con- 
stituent in solid magnesium. There- 
fore, first attention is given to this 
gas, 
Hydrogen 


appearance of a panel that has been 


Figure 5 illustrates the 


treated with chlorine until substan- 
tially free of gas, and Fig. 6 shows 


10" 


Fig. 4—Sketch of triangular panel. 
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Table 2 
Errect OF PouRING TEMPERATURE 
ON Porosity SHOWN BY 
TRIANGLE PANEL 
(Ingot H Alloy Superheated 15 Min. 
at 1700° F.) 


Pouring Temperature, Soundness, 
F 


Inches 
1200 2% 
1300 6 
1350 7% 
1400 7% 
1450 7% 
1500 6 
1600 6% 


a panel poured from the same melt 
after gassing with hydrogen for 15 
min. at 1550° F. The effect of stand- 
ing at 1400° F. after being treated 
with hydrogen is shown in Figs. 7 
through 10. The porosity gradually 
disappears until after 2 hr. the panels 
are practically as clear as before 
treatment. This effect of standing 
after hydrogen treatment is similarly 
shown for “C” alloy in Table 3. 

In each of the remaining experi- 
ments on the effects of various gases, 
300 Ib. of “H” alloy is treated with 
chlorine for 2 hr. to reduce the gas 
content to a low and equivalent basis 
for all tests. The gas being studied 
was then added, and at periodic in- 
tervals about 10 lb. of metal was 
ladled out to pour panels and test 
bars. All gases except those deliber- 
ately saturated with water vapor 
were dried by passing them over 
CaCl... 

Dry Hydrogen Tested 

The effect of dry hydrogen fol- 
lowed by chlorine is illustrated in 
Tabie 4. The amount of hydrogen 
used was not measured, but the flow 
was adjusted so that the agitation of 
the melt was about the same as for 
chlorine. It should be noted that the 
tensile properties are markedly low- 
ered by treatment with hydrogen 
and subsequently brought back to 
their original values by treatment 
with chlorine. The ratings of the tri- 
angular panels indicate that the 
soundness of the metal can be as low 
as about 4 in. of free space and still 
produce sound test bars. Thus cast- 


Fig. 5—Radiograph of a panel poured with 
gas-free magnesium alloy chlorinated with 
0.02 Ib. Cl/lb. of metal. Rating = 10. 
Fig. 6—Radiograph of panel poured with 
gas-free magnesium alloy treated with hydro- 
gen for 15 min. Porous areas appear dark. 
Rating = blow holes. Fig. 7—Radiograph 
of panel poured with gas-free magnesium 
alloy treated with hydrogen for 15 min. and 
let stand for !5 min. Porous areas appear 
dark. Rating = blows and hot tears. 


ing design influences the presence of 
porosity due to gas as well as that 
due solely to shrinkage. 


The ability of helium to remove 
hydrogen is illustrated in Table 5. 
The flow of helium was adjusted in 
the same manner as that of hydro- 
gen. In 30 min. the helium treat- 
ment did not raise the triangular 
panel rating to 10 nor the properties 
to their original values. However, if 
continued for a sufficient length of 
time, helium will remove all of the 
gas porosity. This is illustrated by a 
run which was made on remelted 
scrap. The soundness of the metal 
as melted was 3. After a 15-min. 
treatment with helium the rating in- 
creased to 10. 

Water Vapor: The effect of water 
vapor on gas porosity was studied 
by saturating helium with water at 
165° F. The apparatus used for this 
test consists of a gas meter, a con- 
stant temperature water bath, and a 
hot tube to prevent condensation. 
The helium was bubbled through 
two bottles of water in succession, 
which were maintained at a temper- 





PROPERTIES OF MAGNESIUM ALLOys 


ature of 165° F. in the water bath 

The results obtained are tabulated 
in Table 6. After one cu. ft. of gas 
had passed through the metal, the 
soundness was reduced from 10 to 
8Y2. It then went progressively 
down to a value of 3 after 15 cu. ft 
of gas had been bubbled through the 
melt. Subsequent treatment with 15 
cu. ft. of dry helium failed to bring 
the soundness rating back to its orig- 
inal value. 

Mechanical Properties Normal 

The mechanical properties remain 
about normal during the original 
treatment of the melt with dry 
helium for 30 min. at 1500° F. 
(Table 6). The properties decreased 
as the water vapor was introduced. 
The properties did not return to 
their original values upon subsequent 
treatment with dry helium at 1400 
F., principally due to an increase in 
grain size. This effect is to be ex- 
pected when a melt is held at a low 
temperature for this length of time 
after superheating. 


Natural Gas: There sometimes is 
danger of hydrocarbons coming into 
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contact with molten magnesium. The 
ibility of magnesium to crack these 
compounds and the possibility of 
subsequent gassing is of interest. 
There also have been some sugges- 
tions that natural gas can be used 
to refine the grain. Therefore, the 
effect of natural gas on porosity was 
investigated. The data in Table 7 
show that natural gas used in this 
way can result in porosity and a 
resultant loss in tensile strength. 
Subsequent treatment with chlorine 
removed the effects of the natural 
gas after about 10 min. 


Effect of Sulphur Dioxide 

Sulphur Dioxide: Because SO, 
commonly is used with molten mag- 
nesium, knowledge regarding its ef- 
fect on porosity is important. The 
data obtained on the effect of SO, 
on porosity are shown in Table 8. 
If SO, has any effect it is not dis- 
cernible by the rather sensitive tri- 
angular panel after 30 min. treat- 
ment. No effect was detected by any 


of the other measurements shown in 
the table. 
Carbon Dioxide: Table 9 shows 


that carbon dioxide has a slight 
effect on increasing the porosity and 
decreasing the mechanical properties 
Any detrimental effect is corrected 
after about 5 min. treatment with 
chlorine. 

Oxygen: The effect of treating 
“H” alloy with oxygen is shown in 
Table 10. After 10 min. the metal 
became so slushy that the molds 
would not run. At the end of 30 
min., test bars were obtained by 
pouring the metal directly down the 
sprue. This is in contrast to the 
usual magnesium foundry practice 
of pouring into a pouring cup. The 
increase in porosity shown in the tri- 
angular panel may be due to the 
slushiness and lack of feeding caused 
by the MgO present rather than 
from oxygen dissolved in the metal. 

The period between the end of 
the oxygen treatment and the start 
of the chlorine treatment may have 
been sufficiently long to settle out 
some of the MgO and result in an 
increase in soundness. 


Porosity Increased 
Nitrogen: Treatment of molten 









Fig. ||—Apparatus used to introduce gas 
into molten metal. 


“H” alloy with nitrogen increased 
the porosity in the triangular panel, 
as shown in Table 11. The test bar 
properties were not affected. Subse 
quent treatment with chlorine re- 
moved the effects of the nitrogen 
within 10 min. 

Commercial Foundry Tests 

Since porosity is a problem in the 
magnesium foundry, it is desirable 
to determine to what extent this con- 
dition is due to gas. Therefore, a 
study to discover the sources, and 
means of prevention and elimination 
of gas was initiated. 

Effect of Condition of Metal 
Charge on Porosity: A statistical 
study of test bars was made in the 
production foundry, relating metal 
condition to porosity. Table 12 de- 
scribes the variations of metal treat- 
ment studied to determine the effect 
on gas porosity. The same 6-bai 
test mold previously described also 
is used in these experiments. In all 
except the last test in Table 12, the 
metal was melted, superheated and 
poured in a 150 lb. capacity crucible 
In the last test the metal was pre- 
melted, transferred to the crucible, 
superheated and poured according 
to the usual practice®. 

Metal Dried 

Metal to be dried was placed in 
the ordinary steel tote box (about 
6 ft. x 3 ft.) and heated in a gas- 
fired oven in such a way that the 
contents of the box reached 212° F. 
in about % hr. Therefore, a one 
hour drying period indicates that 


Fig. 8—Radiograph of panel poured with 
gas-free magnesium alloy treated with hydro- 
gen for 15 min. and let stand for 30 min. 
Porous areas appear dark. Rating = 0. 
Fig. 9—Radiograph of panel poured with 
gas-free magnesium alloy treated with hydro- 
gen for 15 min. and let stand for | hr. 
Porous areas appear dark. Rating = 4'/2. 
Fig. 10—Radiograph of panel with gas-free 
magnesium alloy treated with hydrogen for 
15 min. and let stand for 2 hr. Porous areas 
appear dark. Rating = 6!/2. 








Table 3 
Errect oF STANDING ON H, Treatep “C” ALLoy 


276 

Soundness, 

Time, minutes inches 
Treat H: 15 Blow Holes 
Bie Hot Tears 
30 Hot Tears 

Let stand at 1400° F. } 120 0 

60 2 

180 + 


Heat Treated 
— — Tensile Properties —— 


Elongation, te Tensile 
per cent Strength, Strength, 
in 2 in. pst. pst. 

0.9 12,900 15,300 
0.7 14,400 16,800 
1.4 16,700 25,700 
3.0 19,400 34,600 
4.6 18,800 37,900 
5.$*® 19,800* 40,000 


*The relatively low elongation and high yield strength are due to slow cooling after heat treatment, 


resulting in partial precipitation hardening 


the metal was above 212° F. for 
at least Y hr. In Table 12, an 
entry under “porous” indicates at 
least one porous test bar from a 
given mold, while an entry under 
“sound” means all bars from a given 
mold were radiographically sound. 
Since the work on the triangular 
panel shows that considerable poros- 
ity must be evident in the panel be- 
fore the test bar will be porous, this 
is in effect a measure of the presence 


The most significant part of this 
table is the fact that ingot metal 
melted and cast into test bars pro- 
duced radiographically sound bars, 
while riser scrap not dried produced 
100 per cent porous bars. It should 
be noted that the special 6-bar pat- 
tern was used, and that this work 
was done in the summer. Drying 
the scrap reduced, and premelting 
markedly reduced the number of 
porous test bars obtained. Drying 
at 212° F. will not dissociate 


of gas. 


Table 4 
Errect oF H, on “H” Atioy* 
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Mg {OH)>, but it will be decom- 
posed at melting temperatures with 
liberation of hydrogen. This may 
explain the failure to completely 
eliminate the porous test bars by 
drying at 212° F. 

Effect of Cl, on Quality of Com- 
mercial Castings: Since the previous 
section indicates that porosity may 
be a problem even though scrap is 
dried or premelted, the effect of re- 
moving the gas by chlorinating the 
metal just before pouring was in- 
vestigated. 

Table 13 shows the effect of 
chlorination on several types of com- 
mercial castings. Open pot melting 
refers to the operation of melting 
metal in a large pot and ladling it 
into the molds. In crucible melting 
the metal is poured directly from the 
crucible into the mold*. 

The chlorine used was weighed 
and tabulated as Ib. of Cl, per Ib. 
of metal treated. In order to insure 
adequate degassing, about 0.02 lb. 


Heat Treated 























: Weight . Soundness ————— Metallography eon . Tensile cd . 
—Treatment— of, Gas, Triangle Porosity Grain Elongation, tel Tensile 
Time, - b./lb. Panel, Test Com- and _ Size per cent Strength, Strength, 
min Gas metal inches Bars pound Burning in, x 1o-~ in 2 in. psi. ps. 

0 H; 10 Sound <i 2 4% 13.3 13,500 40,300 
2 H; 10 Sound <i 2 5 12.5 14,000 40,800 
5 H: 8 Sound Ca 2 4 14.2 13,700 44,200 
10 H; 3% Sound 0 3 4 13.2 13,500 40,000 
20 Hz 0 Porous 0 5 3% 6.5 13,300 30,800 
30 H; Hot Tears Hot Tears 0 4% 4 3.8 12,500 24,000 
0 Ch 0 %4 Porous <1 3, 4', 5.4 13,100 27,900 
2 Cl 0.0016 0 Porous 0 3, 4 6.8 13,000 30,500 
5 Cl 0.004 1 Porous <1 3 4% 7.7 13,600 34,500 
10 Cl, 0.009 4% Sound <1 2 4 15.3 14,000 41,800 
20 Cl 0.0185 10 Sound <1 1 4 16.3 13,700 41,700 
30 Cl 0.029 10 Sound <1 1 3 15.7 14,300 41,900 
~ *Treated with 0.02 lb. Cl2/lb. metal at 1400° F., superheated 15 min. at 1700° F., gassed at 1500° F., then treated with Clz at 1400° F. 
Table 5 
Errect or He on H, Saturatep “H” ALLoy* 
Heat Treated 
Soundness Metallography Tensile Properties 

Treatment ——— Triangle Porosity Grain Elongation, Yiel Tensile 

Time, Panel, Test Com- and _ Size, per cent Strength, Strength, 

Min. Gas inches Bars pound Burning in. x 104 in 2 in. pst. pst. 

0 H, 10 Sound 2 2Y, 5 14.1 13,400 41,100 
2 H: 10 Sound 1% 3 4 13.6 14,300 41,400 
5 H: 5% Sound 1% 3 3Y% 10.2 14,700 36,800 
10 H: 0 Porous 1 3% 3% 6.5 14,200 31,100 
20 H: Hot Tears Porous 2 3% 4, 3.1 13,100 21,700 
30 H: Bubbles Porous 2 4 5 1.8 11,500 17,600 
0 He Hot Tears Porous 2 4 6 3.2 11,700 21,000 
2 He Hot Tears Porous 2 4 5 4.5 12,100 24,800 
5 He 0 Porous 2 4 5 5.2 12,900 27,400 
10 He 0 Porous 2 3% 5 5.1 13,000 27,900 
20 He 3 Porous 2 3% 6 9.0 12,900 34,800 
30 He 5% Sound 2 3% 7’, 11.0 12,900 37,300 


“Treated with 0.02 Ib. Cla/Ib. metal, superheated 15 min. at 1700° F., gassed with Hz at 1500° F., treated with He at 1400° F. 
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Table 6 
Errect oF H,O on “H” Atioy* 
Treatment Soundness — _ “ae - Grain 
Time u. Topp. Triangle, Test Com- and Size 
Min. Ft. Gas ; inches Bars pound Burning in. x lo 
0 Dry He 1500 10 Sound <i l 4 
2 Dry He 1500 10 Sound <1 3¥e 42 
5 Dry He 1500 10 Sound <1 2! 4 
10 Dry He 1500 10 Sound <3 2 3 
20 Dry He 1500 10 Sound <1 2% 4 
30 18 Dry He 1500 10 Sound <! 4 4 
0 He+H,;0 1500 10 Sound <1 4 4 
1 He +H:0O _ 1500 81% Sound <1 4 4 
2 He + H:0 ‘1500 8 Sound <% 3 4 
5 He+H:0O 1500 6 Sound 0 2" 5 
10 He+H:0O 1500 4 Sound 0 3% 4 
75 15 He+H:0O 1500 3 Porous 0 4 4 
Dry He 1400 4 Porous <1 4 5% 
2 Dry He 1400 4 Sound <} 4 5 
5 Dry He 1400 4% Sound <1 4 5 
10 Dry He 1400 6% Sound <1 4 5, 
20 Dry He 1400 6% Sound <1 4, 6! 
30 15 Dry He 1400 8% Sound <1 2% 9 


then treated with 


Treated with 0.02 Ib. Cl2/Ib. metal at 1400° F., superheated 15 min. at 1700° F., 
He saturated with H2O at 165° F., then with 15 cu. ft. of dried He. Poured at 1400° F. 


Table 7 
Errect oF NaturaL Gas* on “H” A.Lioyt 
Heat Treated 


Tensile Properties —— ~ 
7 Tensile 











— Treatment Soundness Elongation, Yield 
Time, Temp., Triangle, Test per cent Strength, Strength, 
Min. Gas °F. inches Bars in 2 in. psi. ps. 
0 Natural Gas 1500 10 Sound 13.2 14,400 40,800 
2 Natural Gas 1500 10 Sound 12.9 14,800 40,400 
5 Natural Gas 1500 10 Sound 9.5 14,100 36,400 
10 Natural Gas 1500 10 Sound 10.2 14,200 37,400 
20 Natural Gas 1500 5 Sound 7.1 14,300 33,800 
30 Natural Gas 1500 3% Porous 7.9 13,300 33,200 
0 Cl, 1400 4% Sound 10.8 14,100 37,900 
2 Cl, 1400 4% Sound 8.8 13,800 34,900 
5 Cl, 1400 5Y2 Sound 9.8 14,400 37,300 
10 Cl, 1400 10 Sound 11.2 13,800 38,200 
20 Cl; 1400 10 Sound 12.4 13,800 39,700 
30 Cl, 1400 10 Sound 14.3 14,200 41,200 





*Typical Gas Analysis, per cent: CHs«—77.85; C2He—8.59; Nz2—9.31; O2—0.09; Propane—3.00; 
Butane—0.77; Pentane—0.26; Hexane—0.13. The gas was dried by passing over Mg (C1O,):. 

tTreated with 0.02 Ib. Cl2/lb. metal at 1400° F., superheated 15 min. at 1700° F., gassed with 
natural gas at 1500° F., then treated with Clz at 1400° Fr 


Table 8 
Errect oF SO, on “H” Attoy* 














— Soundness - Metallography ————— 

Treatment Triangle Porosity Grein 

Time, Wt. of Panel, Test Com- and _ Size, 

min. Gas Gas, ib. inches Bars pound Burning in. x 10” 

0 SO, 0 10 Sound <1 1 4 
2 SO, 0.22 10 Sound <1 2 4 

5 SO, 0.54 10 Sound <1 1% 4.5 
10 SO: 1.1 10 Sound <1 1 3 

20 SO, 2.2 10 Sound <i l 3.5 
30 SO, 3.25 10 Sound 1 1 4 
0 Cl, 0 10 Sound ! | 4 
2 Cl, 0.38 10 Sound <1 1 4 
5 Cl, 0.96 10 Sound 1 | 4 
10 Cl, 1.9 10 Sound 1 <1 4 
20 Cl, 3.8 10 Sound <1 1 4 
30 Cl, 5.75 10 Sound 1 1 4 


*Treated with 0.02 Ib. Cls/Ib. metal at 1400° F., superheated 15 min. at 1700° F., gassed at 1500° F., 


Heat Treated 


Elongation teld Tensile 
per cent Strength, Strength, 
in 2 in pa pst. 

14.0 13,600 40,800 
11.5 13,600 38,800 
12.7 13,700 39,600 
11.6 14,500 39,700 
12.9 14,500 40,800 
11.7 14,200 39,700 
11.3 13,300 38,200 
11.7 13,500 38,500 
11.8 13,500 38,300 
10.4 12,300 35,300 
9.5 13,300 36,000 
9.6 13,500 36,800 
9.5 12,300 34,700 
9.8 12,500 35,800 
9.6 12,300 35,200 
9.3 12,500 35,000 
10.0 12,100 35,700 
9.0 11,500 34,000 
18 cu. ft. of dried He, then with 15 cu. ft. of 


of chlorine per lb. of metal should 
be used (Table 4). 
of the chlorination was measured by 


The effectiveness 


radiographing the castings and esti- 
mating the tensile strength by the 
amount of porosity present in the 
most porous section’. This method 
is accurate to within 2000 psi. An 
estimate of 34,000 psi. indicates no 
porosity visible in the radiograph. 

The improvement after chlorina- 
tion is evident in all but two cases. 
In the instances where chlorination 
did not remove all the porosity, and 
sufficient Cl, was bubbled through 
(0.02 Ib. per Ib. of metal), the re- 
mainder can be attributed to shrink- 
age and lack of feeding. 


Heat Treated 
Tensile Properties 





Elongation, le Tensile 
per cent Strength, Strength, 
in 2 in psi. pst. 

13.8 14,100 41,200 
13.1 13,700 40,700 
14.2 14,500 41,300 
15.4 14,900 42,400 
11.8 14,900 40,200 
12.2 14,200 39,500 
16.5 14,300 42,500 
16.2 14,000 41,500 
15.6 14,300 42,200 
14.6 14,200 42,100 
13.3 13,800 41,000 
13.7 14,300 41,300 
then treated with Cl: at 1400° F. 300-lb. meit 











Errect or CO, on 


— - Soundness 


Table 9 


“H” Attoy* 


Me tallography —— = 


PROPERTIES OF MAGNESIUM ALLOYS 


Heat Treated 


Tensile Properties 





Tensile 


tTreated with 0.02 lb. Clo/lb. metal at 1400° F., 


*The addition of O2 made it difficult to fill the mold. After 10 minutes and 20 


mold was filled by pouring directly down the sprue. 


Table 11 


Treatment Triangle Porosity Grain Elongation, Yield 
Time, Wt. of Panel, Test Com- and Size, per cent Strength, Strength, 
min Gas Gas, lb. inches Bar pound Burning in. x 10-8 in 2 in. pst. pst. 
0 Co, 0 10 Sound 3% 2 5 12.7 14,200 41,000 
2 Co, 0.17 10 Sound 2 l 5 12.8 14,500 40,400 
5 Co: 0.42 10 Sound 2 l 5 11.8 15,000 40,100 
10 CO, 0.84 1 Sound 2 2 5 12.1 14,500 41,300 
16 Co, 1.3 10 Sound 2! 1! 5 11.3 14,100 39,800 
30 CO; 2.5 7”% Sound 2 2 4% 11.2 14,200 39,300 
0 Cl, 0 7 Sound 2 2 4 14.4 14,300 41,600 
2 Cl 0.38 10 Sound 2 2! 4! i is 
5 Cl 0.96 10 Sound 1! 1 4 15.0 14,500 41,100 
10 Cl 1.9 10 Sound 1 l 6 14.7 14,200 41,400 
20 Cl. 3.8 Sound 2 2 6 10.3 14,400 38,600 
30 Cl, 5.73 10 Sound 1'/ l 5 14.4 14,200 40,600 
*Treated with 0.02 Ib. Cle/Ib. metal at 1400° F., superheated 15 min. at 1700° F., gassed at 1500° F., then treated with Cl: at 1400° F. 300-Ib. melt 
Table 10 
Errect or O, on “H” ALLoy+ 
Heat Treated 
Soundness — Metallography ————— —_—_—— Tensile Properties — - 
——Treatment Triangle Porosity Grain Elongation, ie Tensile 
Time, Wt. of Panel, Test Com- and Size, per cent Strength, Strength, 
min. Gas Gas, lb. inches Bars pound Burning in. x 10-8 in 2 in. pst. pst. 
0 O, 0.0 10 Sound 2 1 4 13.0 13,800 39,700 
2 O, 0.22 10 Sound 1 | 4 12.6 14,100 40,100 
5 O: 0.54 10 4 bars l 2 4, 7.2 14,200 34,000 
porous 
10 O: 1.1 8% Sound ad 
20 O: 2.2 9% Sound 
30 O, 3.25 6% 2 bars 1 l 4 11.9 14,500 40,200 
porous 
0 Cl 0 10 Sound ! 31 14.8 14,500 42.300 
2 Cl 0.38 8% Sound ] I 4 13.7 14,100 41,100 
5 Cl 0.96 10 Sound 1 l 4 16.3 13,800 42,300 
10 Ch 1.9 10 Sound y l 4 14.8 14,100 41,300 
20 Cl, 3.8 10 Sound 3 VY, 7 13.3 13,800 39,800 
30 Ch 5.75 10 Sound 1 l 4% 14.8 13,800 41,200 
superheated 15 min. at 1700° F., gassed at 1500° F., then treated with Cl: at 1400° F. 300-Ib. melt 


minutes the test bar mold did not fill at all. After 30 minutes the 


Errect or N, on “H” Attoy* 





Soundness ———- 


——— Metallography ———— 





Heat Treated 


—_—_—— Tensile it: tel 5; —————--—- 
"te 


——Treatment— Triangle Porosity Grain Elongation, Tensile 
Time, Wt. o anel, Test Com- and Size, per cent Strength, Strength, 
min. Gas Gas, lb. inches Bars pound Burning in. x 10-8 in 2 in. psi. pst. 

0 N; 10 Sound 2” 2% 4 14.0 14,300 41,200 
2 N: 10 Sound 2 2 4 14.8 14,000 41,200 
5 N; 10 Sound 2” 2 4/4, 13.4 14,200 41,300 
10 N; 10 Sound 2% 2 4/2 14.4 13,800 40,900 
20 N; 7% Sound 2% 3 4 14.3 14,300 41,200 
30 N; 4 Sound 2 3 4 14.8 14,100 41,600 
0 Cl 0 6% Sound 2 3 4 15.9 13,800 41,900 
2 C! 0.40 10 Sound 2! 3 + 15.5 14,000 41,600 
5 Cl, 1.00 7% Sound 2 3 4 15.6 14,400 42,200 
10 Cl, 2.00 10 Sound 2 2 3% 15.8 13,800 41,300 
20 Ch 4.00 10 Sound 2 2 4 14.3 13,600 40,500 
30 Cl 6.00 10 Sound 2 2 3’ 15.1 14,000 41,400 


“Treated with 0.02 Ib. Cls/lb. metal at 1400° F., superheated 15 min. at 1700° F., 





gassed at 1500° F., then treated with Cl: at 1400° F. 300-Ib. melt. 
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Chlorination in Premelting Pots: 
[he previous section showed consid- 
erable benefit to be gained by chlo- 
rination in the pouring crucibles. 
Since magnesium alloys usually are 
melted in large premelting pots’, it 
would be economical if the 
chlorination could be carried out at 
this stage of the melting operation. 


more 


Therefore, the effect of subsequent 
the metal to pouring 
investigated (Table 


transfer of 
crucibles was 
14). 

There was little significant change 
in the porosity rating of the panels 
when non-chlorinated 
transferred from the premelting pots 
to the pouring crucibles. If any- 
thing, the soundness of the metal in 
the crucible was better than in the 
premelting pots, but the rating was 
still quite low. The slightly higher 
rating after transfer may be par- 
tially due to the better pouring con- 
ditions from the crucible than from 
the ladle used to dip from the pre- 
melting pot. When the metal was 
chlorinated in the premelting pots 
there was a definite improvement 
over non-chlorinated metal. Some 
of this benefit was lost in subsequent 
handling of the metal, but the 
soundness rating was better than 
when the metal was not chlorinated. 


metal was 


Fluxing Methods Investigated 

To determine the reason for the 
increase in porosity after  trans- 
ferring chlorinated metal, the effect 
of fluxing methods was investigated. 
Two extreme used: in 
one a scoop of flux was placed in 
the bottom of the crucible before 
filling, and in the other no flux was 
used except a very small amount 
sprinkled on the metal to keep down 
burning while filling the crucible. 


cases were 


When the metal was not chlorin- 
ated, there seemed to be a slightly 
better soundness rating when no flux 
was mixed in with the metal while 
filling the crucible. 

When the metal was chlorinated 
in the premelting pots, and the flux 
was mixed in while filling the cru- 
cible, the results were very much the 
same as with the commercial prac- 
tice. However, when flux was not 
mixed in while filling the crucible, 
the porosity rating approached more 
closely the value obtained when 
panels were poured directly from 
chlorinated metal in the premelting 
pot. Despite the use of the best flux- 
ing practice, there always was more 
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Table 12 
Errect oF Metat Source ON Porosity, “H” ALLoy 
inact Sound*®* 
Source No Per Cent Ne Per Cent 

Riser Scrap, not dried 34 100 0 0 
Riser Scrap, dried 1 hr 44 60 29 40 
Scrap, dried 2 hr. 1] 55 9 45 
Ingot, not dried 0 0 13 100 
Ingot, dried 1 hr 2 5 38 95 
Premelt* 15 20 59 80 


*Scrap, melted in a 1500 Ib 
poured. 


premelting pot 


then transferred to a crucible 


superheated, and 


**If a mold of test bars contained at least one test bar which was porous by radiographic inspec- 


tion, the mold was listed as porous 


porosity after chlorinated metal was 
transferred from the premelting pots 
to the pouring crucibles. 

Influence of Flux on Gas Porosity: 
Since the seemed to have an 
adverse influence on the gas porosity 
in transferring the metal from the 


flux 


premelting pots to the pouring cru- 
cibles, the effect of possible moisture 
in the flux was investigated. 

The flux as supplied by the manu- 
facturer is substantially free of mois- 
ture. However, some of the ingredi- 
ents are hygroscopic and, therefore, 
protection of the flux during use is 
important. To illustrate this a drum 
of flux was left uncovered in the 
foundry for a period of time. Regu- 
lar batches of ingot “H” alloy were 
melted in crucibles at intervals and 
triangular panels were poured. After 
only 3 days exposure the soundness 
rating decreased from 842 to 642 in. 


When 4 Ib. of flux, which was de- 
liberately mixed with 3 per cent of 
water, was added to 100 Ib. of “H” 
alloy, the soundness decreased from 
a rating of 7 in. to 4 in. free space. 
Therefore, drums of flux in the melt- 
ing areas should be carefully cov- 
ered except during immediate use 
in order to prevent moisture pick-up 

Discussion 

The presence of gas in magnesium 
alloys can lead to a condition indis- 
tinguishable in the radiograph from 
microshrinkage. Photomicrographs of 
gas porosity and microshrinkage are 
shown in Fig. 12. The appearance 
of each is the same. The fact that 
microshrinkage can exist in the ab- 
sence of any gas is indicated by the 
presence of considerable porosity in 
the rectangular panel even after full 
chlorination has completely removed 
all porosity in the triangle panel. 


Errect oF Cl, ON Qua.iry oF COMMERCIAL CASTINGS 


Method Radiographic Estimation*® 
of Tensile Strength, 


Melting pu. 


Open Pot 19,800 
Open Pot 29,500 
Open Pot 21,200 
Open Pot 25,900 
Open Pot 22,900 
Open Pot 27,300 
Open Pot 20,900 
Open Pot 34,000 
Open Pot 19,700 
Open Pot 30,200 
Crucible 29,700 
Crucible 30,400 
Crucible 23,200 
Crucible 31,500 
Crucible 27,600 
Crucible 30,300 
Crucible 23,200 
Crucible 32,900 
Crucible 27,100 
Crucible 27,500 


Table 13 

Cl, lb. Wt. of 

Cstg Run per Melt, 
No. No Alloy lb. metal lb 

| ] C 0 300 

0.0064 300 

l 2 Cc 0 300 

0.011 300 

| 2 Cc 0 300 

0.031 300 

l 4 Cc 0 300 

0.023 300 

1 5 Cc 0 300 

0.02 300 

2 6 Cc 0 350 

0.02 350 

3 7 H 0 500 

8 H 0.02 500 

4 9 H 0 500 

10 H 0.02 500 

5 11 H 0 500 

12 H 0.02 500 

6 13 H 0 500 

14 H 0.02 500 


*Estimated at the most 


rous place in each casting. 


Since the porous areas examined may be 


much smaller in area than the casting section in which they are found, these estimated strengths are 
lower than the true strength of the whole section. 
they represented unusual porosity problems. 


These particular castings were chosen because 
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Table 


14 


Errect or Cl, In PREMELTING Pots FoLLOWED BY TRANSFER TO 
Pourtnc Crucisies, “H” ALLoy 





Soundness 
Inches 
Panel Poured Conditions Triangle No, / 
from of Pouring Cl: Panel Panels 
**Premelting Pot Commercial No 3.1 80 
Crucible Commercial No 4.0 115 
Premelting Pot Commercial Yes 7.8 103 
Crucible Commercial Yes 5.7 102 
Crucible *Flux Stirred in by Pouring No x 5 
Flux not Stirred in No 4.7 10 
Crucible Flux Stirred in Yes $5 6 
Flux not Stirred in Yes 6.6 20 


*Flux was placed in bottom of crucible before pouring metal from the premelting pot so that the 


stream of metal churned the flux into the forming pool of metal. ; 
**Tilting type pots holding about 1500 lb. of metal. Alloy is melted and held in these pots, trans- 


ferred to pouring crucibles as needed. 


It has been demonstrated that of 
all the gases commonly encountered 
in the foundry only hydrogen and 
nitrogen will cause gas porosity. Of 
these hydrogen is by far the more 
serious. Hydrogen has a tempera- 
ture and pressure dependent solu- 
bility in magnesium. Winterhager® 
determined the solubility for one 
atmosphere pressure to be roughly 
26 mls. of hydrogen in 100 gms. of 
molten magnesium, but only about 
20 mls. in the solid state at the melt- 
ing point. The data are scattered, 
but probably represent a minimum 
solubility of hydrogen. 


Hydrogen 

If enough hydrogen is present to 
exceed the solubility at a pressure 
of one atmosphere plus the metal 
head at the freezing temperature, 
the gas will be precipitated as spheri- 
cal bubbles, as shown in Fig. 6. 

As the metal freezes, the contrac- 
tion will cause interdendritic voids. 
These normally are filled by liquid 
metal from the unfrozen parts of the 
casting and, finally, from the risers. 
The partial pressure of hydrogen in 
each newly formed void is zero and, 
therefore, any hydrogen in the metal 
will diffuse into it. The pressure of 
the liquid feed metal acting to fill 
the void will be opposed by the pres- 
sure of any gas present in the void. 
When the two pressures are equal 
the flow of liquid metal will cease. 
With no restrictions in the casting 
due to design the pressure of the 
liquid metal normally will be atmos- 
pheric plus its own head. Under 
these conditions, in order to prevent 
the metal from filling the void, the 
gas pressure must be at least equal 
to atmospheric pressure. Therefore, 
the amount of hydrogen in the metal 


must exceed the solubility at one 
atmosphere. 

If the efficiency of feeding* is de- 
creased in any way, the amount of 
gas necessary to prevent filling of 
the void with metal will decrease 
with the feeding pressure, since the 
pressure of hydrogen is directly re- 
lated to the solubility. If the effi- 
ciency of feeding drops to zero, the 
voids will not be filled even in the 
complete absence of gas. 





This paper was secured as 
part of the Program for the 
1945 “Year-Round Foundry 
Congress" and is sponsored by 
the Aluminum and Magnesium 
Division of A.F.A. 











Magnesium is fortunate in having 
a high solubility for hydrogen at the 
melting point. This means that, if 
the casting design is good, the prob- 
lem of gas in magnesium castings is 
a minor one. When the solubility is 
low at the freezing point, as for 
example in aluminum, any small 
amount of gas present will exert 
atmospheric pressure. In this case, 
gas becomes a major problem even 
with the best casting design. 


Helium 

If helium is saturated with water 
vapor at 165° F. and atmospheric 
pressure plus metal head pressure 
assumed to be 84.3 cm. Hy, there 
will be 0.0251 ib. of water per cu. ft. 
of helium (Table 6). The volume 
of helium was measured and the 
concentration of the water was cal- 


culated at 84.3 cm. Hg and 68° F. 





*By efficiency of feeding is meant the ration of 
the pressure on the liquid at the void to what it 
would be if the liquid at the void had a con- 
tinuous and frictionless path to the atmosphere. 


PROPERTIES OF MAGNESIUM ALLOYS 


If this water vapor were to com- 
pletely react with the magnesium, 
14.5 liters of hydrogen would be lib- 
erated for every cu. ft. of helium 
introduced. 

From the data in Table 6 it is 
found that porosity first appeared 
when one cu. ft. of helium was in- 
troduced. This is equivalent to a 
maximum of 14.5 liters of hydrogen. 
At this time there were about 240 
lb. of metal in the crucible. If we 
take Winterhager’s figure® of 20 mls. 
of hydrogen per 100 gins. of metal 
as the solubility at one atmosphere, 
it would require 22 liters of hydro- 
gen to saturate the 240 Ib. of metal. 


Water Vapor Reaction 


Even assuming complete reaction 
with the water vapor, less than at- 
mospheric pressure of hydrogen. was 
needed to produce porosity in the 
panel. After 15 cu. ft. of helium or 
an equivalent of 216 liters of hydro- 
gen had been introduced, there still 
was no bubble formation. This is 
evidence that the total reaction— 
decomposition of water vapor and 
subsequent solution of hydrogen—is 
only about 10 per cent complete. 
Thus a pressure corresponding to 
only | to 2 liters of hydrogen in 240 
lb. of metal is sufficient to produce 
porosity in the triangular panel, in- 
dicating a very low feeding effi- 
ciency for this type of casting. On 
the other hand, the test bars did not 
become porous until 15 cu. ft. of 
helium had passed through the 
metal. On the basis of 10 per cent 
reaction efficiency, this is equivalent 
to 22 liters of hydrogen. Since this 
is close to the atmospheric solubility 
of hydrogen, it indicates that the 
feeding efficiency of the test bar 
mold is high. 


Porosity Visible 

In Table 4, porosity first became 
visible after bubbling dry molecular 
hydrogen for 5 min. If the rate of 
flow of hydrogen is assumed to be 
the same as for dry helium (Table 
6), this flow is equivalent to about 
70 liters. Since in the foregoing dis- 
cussion it was shown that at most 
14.5 liters of hydrogen from water 
vapor was sufficient to cause porosity 
in the triangular panel, the gassing 
of metal by water vapor is much 
more effective than by molecular 
hydrogen. 

That the solubility of hydrogen in 
molten magnesium alloys is devend- 
ent on pressure is shown by the fact 
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that hydrogen can be removed by 
standing, bubbling helium or bub- 
bling chlorine. In each of these 
cases the partial pressure of hydrogen 
is initially zero, both above the melt 
and in the bubbles of helium or 
chlorine. For this reason the hydro- 
gen will diffuse out of the metal 
into the area of lower pressure. 

It is interesting to note (Figs. 5 
to 10 and Tables 3, 4, and 5) that 
it requires more than 2 hr. to re- 
move hydrogen by standing, more 
than 30 min. with helium and only 
20 min. with chlorine. This may be 
explained by the fact that both the 
helium and chlorine bubbles _in- 
crease the surface through which 
the hydrogen can diffuse, and the 
chlorine may react with the hydro- 
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gen to maintain the partial pressure 
at zero. 

Because a large proportion of the 
metal melted in the foundry is re- 
melted scrap, any continuous source 
of hydrogen will soon cause the 
hydrogen content of the metal to 
build up to its saturation value. 

In view of the foregoing, the 
possible sources of hydrogen in the 
foundry should be critically ana- 
lyzed. These sources can be divided 
into four main groups: (1) Atmos- 
phere; (2) metal charge; (3) flux; 
(4) tools. 


Atmos phere 

There is moisture in the air at 
all times, and in the hot, humid days 
of summer the problem may become 
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serious. The moisture in the air may 
act directly on the surface of the 
molten metal or indirectly on the 
flux, scrap or ingot charge, and tools 
which come in contact with the 
melt. Combustion products contain 
an appreciable amount of water va- 
por and may contribute to the hy- 
drogen pick-up of the metal. Under 
ordinary conditions the partial pres- 
sure of hydrogen over the melt does 
not become sufficient to allow solu- 
bility and, therefore, direct gassing 
through the surface of the molten 
metal by the moisture of the air is 
not appreciable. 


Metal Charge 

The scrap metal returned for re- 
melting may be an important source 
of moisture. This may be due to 
several causes. If a water blast is 
used to knock out cores or if the 
scrap is allowed to stand outdoors, 
it may be actually wet. Corrosion 
products consisting of MgO and 
Mg (OH), may accumulate on the 
surface of the metal even though it 
is not actually wet. Water vapor is 
liberated when Mg (OH), is heated 
to the temperature of molten mag- 
nesium. Any contamination of a 
melt by oil also should be avoided 

If metal is reclaimed from sludge 
it may contain sufficient flux to pick 
up moisture on humid days. Even 
the ingot metal may carry hydrogen 
into the molten metal if it becomes 
exposed in the ways mentioned for 
scrap metal. 

The effects of moisture and at- 
mosphere on the metal charge can 
be partially corrected by drying the 
metal for at least Y% hr. at a tem- 
perature above 212° F., if the metal 
is not too badly oxidized. Sand 
blasting is an effective way to re- 
move corrosion products. 

Flux 

The fluxes used for the protection 
of magnesium alloys, while essen- 
tially anhydrous at the start, are all 
hygroscopic and will pick up mois- 
ture from the air if left exposed. 
The effect of moisture in the flux 
can be aggravated by improper use 
and handling. 

The best precautions are to keep 
the flux drums tightly covered and 
to avoid an excess of flux where its 
use its of doubtful value, such as in 


Fig. 12— Top — Photomicrograph showing 
voids due to the presence of gas in as-cast 
magnesium alloy. 100x. Bottom — Photo- 
micrograph showing microshrinkage in as- 
cast magnesium alloy. 100x. 
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the bottom of a crucible before 
pouring in the molten metal. Tech- 
niques recommended in the litera- 
ture’ will be satisfactory. 


Tools 

Stirrers, skimmers and ladles in- 
variably become covered with flux 
which will pick up moisture from 
the air if left standing for any length 
of time. Such equipment should be 
thoroughly heated, to a red heat if 
possible, to eliminate moisture before 
placing in the metal. 

It has been shown that there is a 
problem connected with the solu- 
bility of hydrogen in magnesium 
alloys, although it is not as serious 
as with some other metals.’ Because 
of the high solubility of hydrogen 
in solid magnesium at atmospheric 
pressure, the effects of gas porosity 
can be overcome by efficient feeding. 
Therefore, the problem of gas is 
secondary to the problem of casting 
design and proper gating and riser- 
ing practice. With perfect feeding 
efficiency and normal foundry melt- 
ing and superheating technique, the 
problem of gas porosity in magne- 





sium alloys is substantially elimi- 
nated. However, in practice perfect 
feeding can not always be realized 
due to the engineering requirements 
of the castings produced. Therefore, 
gas porosity becomes increasingly 
important as the casting design be- 
comes more difficult. 


Problem Made Complex 

The problem is made more com- 
plex due to the fact that all varia- 
tions of feeding efficiency may exist 
in a given casting. Thus even com- 
plete removal of gas may leave cer- 
tain areas still porous. Since feeding 
is not perfect in all sections of the 
ordinary casting, variations of gas 
content of the metal may cause 
variations in porosity during the 
production of a given casting. 

The tendency of hydrogen to in- 
crease the porosity can be minimized 
by general foundry precautions lead- 
ing to the exclusion of moisture from 
the molten metal. It is sometimes 
difficult to exclude all sources of 
moisture, and a general accumula- 
tion of hydrogen to the saturation 
point may result. 


PROPERTIES OF MAGNESIUM ALLOYS 


Since the solubility of hydrogen 
is pressure as well as temperature 
dependent, the removal of hydrogen 
from the molten metal can be ef- 
fected by standing, bubbling with 
helium, or bubbling with chlorine. 
Of these, the most efficient is chlo- 
rine. 
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SURVEY of the behavior of 
A cast iron in elevated tempera- 
ture applications has been made 
under authorization of the War 
Metallurgy Committee. Detailed in- 
formation on 233 commercial appli- 
cations of cast iron at temperatures 
over 450° F. was obtained from 99 
concerns and 108 individuals. The 
resulting data show that within a 
temperature range of 450 to 1000 
F., cast irons of controlled analysis 
can be successfully employed in 
numerous engineering applications. 
Included in these applications are 
castings which must resist pressure 
and be free from small dimensional 
changes. 
Code Limitations 
Godes limiting the use of cast iron 
to temperatures of 450° F. were 
established approximately 31 years 
ago, before modern cast irons of 
controlled structure and composition 
were in common use. These codes 
have prevented or discouraged the 
general use of cast iron in certain 
elevated temperature fields. Despite 
this limitation, research has con- 
tinued and cast irons of controlled 
analysis have been developed that 
are structurally stable and resist de- 
terioration at temperatures above 
450° F. It is recommended that 


Inereased Use of 


GRAY CAST IRON 
In High Temperature Operations 


By C. O. Burgess, Metallurgical Engineer, Union Carbide & Carbon Research Laboratories, Niagara Falls, N. Y.. 
and T. E. Barlow, Foundry Engineer, Battelle Memorial Institute, Columbus, Ohio 


codes dealing with high tempera- 
ture applications of cast iron be re- 
viewed with the object of raising 
temperature limits in accordance 
with the demonstrated heat-resisting 
properties of existing grades of cast 
iron. 


|. Introduction 

PURPOSE 

The present investigation and sur- 
vey of the behavior of cast iron in 
elevated temperature engineering 
applications was undertaken by the 
War Metallurgy Committee at the 
request of the War Production Board 
with the purpose of determining 
whether the use of cast iron in such 
fields could be safely extended. A 
definite possibility existed that as a 
result of this survey the position of 
cast iron as an engineering material 
could be more sharply defined, and 
more strategic materials than cast 
iron might be conserved and pro- 
curement problems generally eased 


BACKGROUND 

The project appeared justified in 
view of several factors. These are 
briefly listed as follows: 

(1) General use of cast iron at 
high temperatures has been limited 
by the existence of certain codes 
which specify that cast iron shall not 








be used at temperatures over 450° F 
The principal specifications, A.S 
M.E. Boiler Code Specification S-13, 
from which other codes, such as the 
Unfired Pressure Vessel Code, A.S.A 
Standards, etc., 
established in 


appear to stem, was 
1914, 31 


Reference to the Boiler Code Com- 


years ago 


mittee did not reveal any definite 
experimental basis or specific data 
for fixing the limiting temperatures 
at 450° F., 
ture indicated that the only mate- 
rial that might have influenced code 


and a search of the litera- 


action was an A.S.M.E. Symposium 
held in 1909, at which it was con- 
cluded that starting at a temperature 
of 450° F. 


orated in structure and strength to 


certain cast irons deteri- 


a marked degree 
Chemical Analysis 


As noted in greater detail in the 
original report, the importance of 
controlling the chemical analysis of 
cast iron was relatively unknown at 
the time of this symposium, and in 
the few cases in which analyses and 
tensile properties were recorded the 
irons were invariably of a high car- 
bon equivalent (now known to be 
generally unsuitable for high tem- 
perature pressure applications). The 
tensile strength of the subject irons 
averaged 12,000 to 16,000 psi., em- 





© Abstract of War Metallurgy Committee report, WPB Survey Project SP-512. 
It is believed to demonstrate convincingly the fact that with our modern under- 
standing of the eee wed, Meet and ability to apply the necessary controls, 


gray cast iron has taken 
engineering applications. Th 


ee as a dependable material for use in exacting 
's fact has for some time been recognized by foundry- 


men and engineers intimately concerned with the production or use of this ma- 


familiar with the developments that 


terial, but has not been so generally recognized by designing engineers less 
have taken piace in cast iron metallurgy. 
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short periods 


1920 


*All made prior to 
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phasizing their inferior quality. It 
was found that the A.S.M.E. code 
has remained practically unaltered 
with regard to temperature limits 
since its inception, no cognizance 
having been taken of known ad- 
vances in cast iron metallurgy since 
1914. 

2) Committees interested in ele- 
vated temperature apparatus have 
already recognized the fact that with 
improvement in quality of cast iron, 
the safe maximum working tempera- 
ture can be increased above 450° F. 
Evidence of this fact is the develop- 
ment of the proposed California Un- 
fired Pressure Vessel Safety Orders 
recommending use of classes 20 and 
25 irons at a maximum temperature 
of 450° F., class 30 irons at a maxi- 
mum of 510° F., class 35 irons at a 
maximum of 575° F., and classes 40, 
50 and 60 irons at a maximum of 
650° F. 


Applications 


(3) Modern cast irons have been 
and are now being used in a number 
of engineering applications at tem- 
peratures considerably over 450° F. 
Obviously, certain cast irons must 
have been found satisfactory at such 
higher temperatures inasmuch as 
their use has been continued. How- 
ever, no concerted effort has previ- 
ously been made to obtain and cor- 
relate data on the general success or 
failure of cast irons in such high 
temperature applications. 

(4) Many well-informed engi- 
neers in both the foundry industry 
and in consuming industries feel that 
the present code temperature limita- 
tion of 450° F. on cast iron can be 
safely increased. It was believed 
that by direct contact with these 
men and industries, sufficient service 
and experimental data might be un- 
covered to establish definitely the 
true top temperatures at which vari- 
ous types of cast iron can safely 
operate. 

(5) The need for a review of the 
present code limitation temperature 
of 450° F. has been further evi- 
denced by the recent formation of 
an American Foundrymen’s Asso- 
ciation Committee and a Subcom- 
mittee of A.S.T.M. Committee A-3 
to study the use of cast iron at high 
temperatures. 

In consideration of the foregoing 
factors, the present survey of actual 
applications of cast irons at elevated 





temperatures was immediately 
undertaken. 


ll. Factual Survey 

The most significant part of the 
investigation is considered to be the 
factual survey of the success or fail- 
ure of cast iron in existing high tem- 
perature applications. Specific data 
were obtained on 223 applications of 
cast iron at temperatures of over 
450° F. from 99 concerns and 108 
individuals, the great majority of 
such individuals being personally 
interviewed. 

Forty per cent of the applications 
were furnished by consumers not en- 
gaged in cast iron manufacture. 30 
per cent of the applications by con- 
sumer-producers, and 30 per cent 
of the applications by producers, or 
individuals connected in some man- 
ner with cast iron manufacture. The 
consumer-producer status was estab- 
lished in those cases in which cast 
iron constitutes a minor part of the 
manufactured product. For exam- 
ple, manufacturers of turbines and 
internal combustion engines who 
operate their own foundries were 
assigned this status. 

The types of industries and asso- 
ciations included in the survey are 
as follows: 

(1) Valve Industry 

(2) Petroleum Refinery Equipment 
Industry 

(3) Paper Industry 

(4) Condenser Industry 

(5) Pump Industry 

(6) Furnace & Firebox Equipment 

Industry 
) Power Industry 
) Chemical Industry 
) Alloy Producing Industry 
) Foundry Industry & Consulting 

Engineers 
) Steam Engine Industry 
) Internal Combustion Engine In- 

dustry 
) Army and Navy Bureaus 
) Stoker Industry 
) Foreign Associations 


(B.C.I.R.A.) 

Information requested on each 
application included the type of cast- 
ing, the analysis and method of man- 
ufacture, the temperature and 
service conditions to which it was 
exposed, the rate of failure, if any, 
the life of the casting, and whether 
it was considered successful by the 
consumer. Surprisingly complete in- 
formation was obtained. For exam- 
ple, in only 39 instances, particularly 
of old applications, was information 
concerning chemical analysis com- 
pletely lacking. 

The data obtained are condensed 
in Table I. It will be noted that 
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as a first step the applications have 


been empirically divided into fou 
sections, in convenient steps of in- 
creasing temperature ranges in serv- 
ice. These four broad temperature 
ranges are 451 to 600° F., 601 to 
750° F.. 751 to 1000° F 
1001° F. The temperatures are fur- 


and over 


ther subdivided in the seventh col- 
umn of Table I. 

Second, the irons in each tem- 
perature range have been roughly 
classified into four groups, depend- 
ing on the most probable major de- 
struction factor; namely, wear, 
growth, corrosion and erosion. Obvi- 
ously, either growth or mechanical 
deterioration from exposure to ele- 
vated temperatures could result in 
failure in any of these groups, but 
assuming that a given casting might 
exhibit satisfactory or indefinite life 
as concerns temperature effect, an 
estimate was made of the factor most 
likely to cause its final discard. 


Classification 


Under “Analysis,” the irons in 
Table I were arbitrarily classified as 
to carbon type. They were con- 
sidered “low carbon” when in the 
range of 2.7 to 3.1 per cent total 
carbon; “medium” in the range 
over 3.1 to 3.35 per cent total car- 
bon; and “high carbon” if the car- 
bon content exceeded 3.35 per cent 
The most significant analysis factor 
related to the character and prop- 
erties of unalloyed cast iron has been 
generally recognized as the carbon 
equivalent of the iron, i.¢., the total 
carbon content plus 0.3 of the sum 
of silicon plus phosphorus: per cent 
C + 0.3 (per cent Si + per cent P) 

As a consequence, this value has 
been listed in the tables and plotted 
graphically in Figs. 1 and 2. It is 
recognized that any generalization 
of this type is open to exceptions, 
particularly when applied to extreme 
variations in chemical composition, 
but it appeared the most significant 
single factor in any summary treat- 
ment. The manganese in these irons 
generally was in the range 0.50 to 
1.00 per cent, the phosphorus 0.40 
per cent max., and the sulphur 0.12 
per cent max. 

Under “Remarks on Life” (Table 
I), it will be noted that a number 
of the applications have been in use 
for comparatively short periods, and 
obviously in these cases only the 
maximum life so far recorded could 
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Fig. |—Carbon equivalents of cast irons used in various temperature ranges. 


be given, and a record of any fail- 
ures within this period. The large 
number of new applications at tem- 
peratures of over 450° F. is of inter- 
est, showing that engineers are be- 
ginning to appreciate the possibilities 
of modern type cast irons. 

Certain observations are immedi- 
ately apparent from Table I and 
Figs. 1 and 2. In the 451 to 600° F. 
range, 94 applications are found, 
most of them involving pressure. 
Only nine failures are reported, and 
these all involve irons made before 
1920 with medium or high carbon 
contents and with a carbon equiva- 
lent of 4.0 to 4.5 per cent. The suc- 
cessful applications, on the other 
hand, show a lower carbon equiva- 
lent of 3.5 to 3.9, with the exception 
of ten old type irons that run from 
4.0 to 4.2 per cent. 

There is a definite 
this temperature range, based pre- 
sumably on experience, to make 
irons with low or medium carbon 
when they are intended for high 
temperature, pressure service. The 
life of the 85 successful irons extends 
up to 28 years, all being still in 
service except in the case of piston 
rings, which are periodically re- 


tendency in 


placed because of wear. 
In the 601 to 750° F. range, all 
52 applications are considered suc- 


cessful, only four being periodically 
replaced due to corrosive action or 
excessive wear. The tendency to use 
low or medium-carbon irons having 


a carbon equivalent of 3.3 to 3.9 per 


cent is again evident, being most 
marked in applications involving 
pressure. Service life of up to 50 
years has been reported. 

In the 751 to 1000° F. range, all 
30 applications are considered suc- 
cessful, although five have a limited 
life. In only one case (Diesel ex- 
haust valves) can final failure be 
definitely assigned to growth or 
change in dimensions. Again there 
is a tendency to use low or medium- 
carbon irons, a carbon equivalent of 
3.4 to 3.8 per cent being used in 
the case of castings that must resist 
pressure. Service life up to 15 years 
is reported. 

Although this survey was directed 
primarily to applications operating 
under 1000° F., some 47 instances of 
the use of cast iron in excess of this 
temperature were reported. Forty- 
six applications were considered suc- 
cessful and one unsuccessful. In con- 
trast to the lower temperature appli- 
cations, the life at temperatures of 
1000° F. or over was limited in all 
cases. In one case a life of one day 
was recorded, but the application 
was considered successful in view of 
the comparable behavior of competi- 
tive materials. The maximum life 
recorded for one application in this 
group was 6 years. 

No continuous pressure was en- 
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Fig. 2—Carbon equivalent distribution of irons used to resist pressure in various tem- 
perature ranges. 
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countered, but compressive loading 
existed in the case of hot-forming 
dies, die casting equipment, and 
Diesel parts with skin temperatures 
over 1000° F. When strength is a 
factor, there is again a tendency to 
use low or medium-carbon irons 
with a carbon equivalent range of 
3.4 to 3.8 per cent. 

Certain other observations are 
significant. With regard to tensile 
strength, virtually all of the modern 
irons in the 451-600° F. range have 
a minimum tensile strength of 35,000 
psi., and most of the successful older 
irons possess a strength in excess of 
30,000 psi. This also is true in the 
three other temperature ranges in 
which a definite tendency to hold 
modern irons to a 30,000 psi. mini- 
mum is apparent, with the average 
tensile strength approximately 40,- 
00C psi. 


Ladle Inoculation 

A surprisingly large number of 
the cast irons investigated were in- 
oculated in the ladle. Forty-seven 
of the 94 irons in the 451 to 600° F. 
range, 29 of 52 in the 601 to 750° F. 
range, 16 of 30 in the 751 to 
1000° F. range, and 38 of 47 in the 
range over 1000° F. are known to 
have been ladle-treated. Thus, ap- 
proximately 58 per cent of the total 
irons were subjected to some type 
of ladle inoculation. If the irons of 
unknown analysis are omitted, the 
inoculated irons constitute 73 per 
cent of the remainder. Various in- 
oculants were employed. 


With regard to the addition of 
special alloying elements, interest 
was mainly confined to low alloy 
gray cast irons, i.é., irons containing 
a maximum of about 2.5 per cent of 
any special alloying agent. The spe- 
cial alloying elements included chro- 
mium, nickel, copper, molybdenum 
and vanadium, used either alone or 
in combination. 

It can be noted from Table I that 
in the 451 to 600° F. range, 17 out 
of 94 irons are alloyed. In the 601 
to 750° F. range, 17 out of 52 irons 
are alloyed. In the range 751 to 
1000° F., 10 out of 30 are alloyed, 
and in the range of over 1000° F., 
33 out of 47 irons are alloyed. Thus, 
about 34 per cent of the total irons 
are known to be alloyed. If irons 
of unknown analysis are eliminated, 
alloyed irons constitute 43 per cent 
of the remainder. 

The tendency to employ low- 








alloy irons as temperature conditions 
become more severe is brought out 
in Fig. 3. Chromium is the most 
common alloying agent, appearing 
in 91 per cent of the alloyed irons, 
whereas nickel appears in 44 per 
cent, molybdenum in 39 per cent, 
copper in 23 per cent and vanadium 
in approximately 3 per cent of the 
alloyed irons. 

In comparison with the above 
findings, information from the Brit- 
ish Cast Iron Research Association 
is of interest in that, possibly due 
to wartime shortages or the fact that 
they did not differentiate between 
pressure and non-pressure applica- 
tions, they appeared quite liberal in 
their permissible upper temperature 
limits. 

According to British advices, ordi- 
nary cast iron may be used at tem- 
peratures up to 840° F. (450° C.), 
and an all-pearlitic, close-grained 
iron, preferably of a low-alloy type, 
may be safely used at temperatures 
up to 1020°F. (550°C.). If as 
much as | per cent of chromium 
can be incorporated in the iron, the 
upper temperature limit is raised to 
1110° F. (600° C.). Low alloy iron 
is preferred to unalloyed iron for 
high temperature work, being con- 
sidered more heat resistant, “partly 
as the irons are usually better made, 
more homogeneous, more uniform, 
and closer-grained.” 

Chromium carbide is stated to be 
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particularly important as conferring 
stability, and if the amount of chro- 
mium is limited due to its tendency 
to make the iron white, nickel is 
recommended to permit further in- 
crease in chromium content, for ex- 
ample, in the ratio 3 Ni:1 Cr. 


lll. Research Data on Behavior of 
Cast Iron at Elevated Temperatures 
Considerable unpublished research 
data on the behavior of cast iron in 
the temperature range of 450 to 
1000° F. 
of the survey, and a summary of this 


were obtained in the course 
information in conjunction with 
published data on the effect of high 
temperatures on the strength, 
growth, and structural stability of 
cast iron is included in the present 
report. 


STRENGTH 


A large part of the laboratory in- 
formation dealt with the short-time 
high temperature strength of cast 
irons varying in carbon equivalent 
from 3.6 to 4.5 per cent, and the 
test results showed no appreciable 
falling off in tensile strength up to 
750° F. At temperatures above 
1000° F., the tensile strength in gen- 
eral decreases rapidly. 

Creep or long-time temperature 
tensile tests of cast iron are, of 
course, more significant, but data on 
such tests are limited. The available 
creep tests are reassuring, however, 
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in that they demonstrate that ordi- 
nary cast iron (up to at least a car- 
bon equivalent of 3.95 per cent) can 
resist loads of approximately 10,000 
psi. at 750° F. without exceeding a 
creep rate of | per cent in 10,000 
hours. The use of small percentages 
of alloying elements in cast iron has 
been found to increase materially 
the resistance to creep. 

Before leaving the subject of the 
high temperature strength of cast 
iron, it should be observed that a 
critical exposure temperature exists 
for ordinary cast irons which, if ex- 
ceeded, will produce a progressive 
loss in reom temperature strength, 
due to such factors as growth, oxida- 
tion, and structural alteration. The 
minimum temperature at which such 
strength reduction may occur is a 
function of the structural stability 
or growth resistance of the particular 
iron, which according to evidence 
obtained in the survey is in turn a 
function of the carbon equivalent of 


unalloyed cast iron. 


Superheated Steam 


For example, records were found 
of iron castings subjected to super- 
heated steam for extended periods 
at a temperature of 478 to 488° F. 
The irons having a carbon equiva- 
lent of 3.6 per cent exhibited an 
average strength of 33,000 psi. and 
a pearlitic structure after 14 years 
of such exposure, while castings with 
a carbon equivalent of 4.3 to 4.4 per 
cent showed an average strength of 
16,200 psi. and a completely fer- 
ritic structure, and were removed 
because of growth after 10 and 14 
years, respectively. Although the 
original strength of these irons was 
not determined, it is obvious that the 
irons of higher carbon equivalent 
have a dangerously low strength fol- 
lowing their exposure, whereas the 
lower carbon equivalent irons have 
maintained a normal strength. 

Data exist in the literature on 
tests made at temperatures in ex- 
cess of 1000° F. which prove that 
additions of certain alloying ele- 
ments also provide means of inhibit- 
ing or preventing strength loss. As 
little as 0.50 per cent chromium will 
materially reduce the loss in strength 
after exposure to a temperature of 
1472° F., and at a 1.5 per cent chro- 
mium level no reduction in strength 
was observed in a gray iron after 
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500 hours’ exposure to this tempera- 
ture. 
GROWTH 

The tendency of certain cast irons 
to grow or permanently increase in 
dimensions on exposure to tempera- 
tures above a critical level is well 
known. The minimum temperature 
at which this phenomenon first ap- 
pears is again a function of the 
structural stability of the particular 
iron. This growth phenomenon, be- 
sides producing dimensional changes, 
is also believed to lead to surface 
cracking and permanent strength 
loss, and thus often is the principal 
factor that leads to final failure of 
a casting at elevated temperatures. 

Unfortunately for the purpose of 
this survey, most of the growth 
measurements have been made at 
temperatures of 900° F. or over. 
This is understandable in view of 
the fact that below this temperature 
the growth is very small in a given 
period of time, thus complicating 
the test procedure and greatly ex- 
tending the necessary exposure time. 
However, considerable growth data 
at temperatures of over 900° F. have 
been accumulated and have demon- 
strated that unalloyed cast irons of 
low carbon equivalent are more re- 
sistant to growth than those of high 
carbon equivalent. 

A number of general comments 
in regard to the character of these 
irons were received and are here- 
with summarized. Use of steel in 
the cupola mixture from which such 
irons are produced, insofar as it pro- 
duces a more dense iron, apparently 
retards growth. Such low carbon 
equivalent irons are frequently sub- 
jected to ladle inoculation. Even 
small amounts of alloying agents, 
principally carbide stabilizers such as 
chromium, molybdenum, and vana- 
dium, have been found to retard 
growth materially. 


Comparative Growth Tests 

Unpublished data relative to the 
specific effect of chromium on de- 
creasing growth and stabilizing a 
pearlitic structure were received 
from several sources. In the com- 
parative growth tests available, 
nickel and copper have been fre- 
quently and apparently effectively 
used in conjunction with the fore- 
going carbide stabilizers. It is obvi- 
ous from the present survey that 








information of this type is being uti- 
lized to a considerable degree in the 
production of modern heat-resisting 
cast irons. 

The difficulties inherent in tests 
directed toward determination of 
growth characteristics of cast irons 
at temperatures below 1000° F. are 
emphasized by the only research in- 
vestigation of this type uncovered in 
the survey. In this test 36 unalloyed 
and low alloy cast iron bars %-in. 
in dimaeter and 21 to 23 in. long 
were submitted to superheated steam 
at 750° F. for periods varying from 
about | year to 995 days. In con- 
sidering the resulting data, it should 
be first noted that the changes in 
length are generally minute, and 
consequently length changes brought 
about by stress relief and even by 
corrosion at room ‘temperature may 
and apparently do seriously affect 
the growth readings. 


Rate of Growth 


However, assuming that all di- 
mensional changes were due to 
growth, it is of interest that with 
one exception (a 0.15 per cent 
growth per year of a cast iron of 
3.8 per cent carbon equivalent re- 
moved before completion of the 
test) all the irons with carbon 
equivalents of 3.95 per cent or under 
and tested in the “as-cast” condi- 
tion or after an anneal not exceed- 
ing 1112° F. (600° F.), exhibit a 
total growth of less than 0.10 per 
cent a year 7.e., a length increase of 
0.02 in. or less in 20 in.). 

A majority show growth of unde: 
0.05 per cent a year (a length in- 
crease of less than 0.01 in. in a 20-in. 
length during a one-year exposure). 
After certain periods, for example, 
534 hours, 455 hours and 901 hours, 
respectively, in three different tests, 
the reported growth decreases rapid- 
ly to about one-half or less that re- 
ported in earlier periods. 


Although length changes of such 
minute amounts do not permit accu- 
rate gauging of the effect of low 
alloy additions in these growth re- 
sistant irons, certain broad trends 
can be observed. For example, when 
the carbon equivalent exceeds ap- 
proximately 4.0 per cent a very 
marked increase in the growth of 
unalloyed irons was recorded. 


An unalloyed soft iron with a 
carbon equivalent of 4.14 per cent 
and exhibiting free ferrite as cast, 
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showed a growth in excess of 3.0 
per cent a year, accompanied by 
marked internal oxidation. That 
such excessive growth can be mate- 
rially reduced even in high carbon 
equivalent by additions of 
alloys, such as chromium and molyb- 
denum, was evidenced by a drop 
to 0.25 per cent growth per year in 
an iron of 4.34 per cent carbon 
equivalent, containing 0.39 per cent 
chromium and 0.51 per cent molyb- 
denum. 


irons 


Annealing Temperatures 

A second observation was that if 
unalloyed irons were annealed at 
temperatures of 1562 to 1607° F. 
850 to 875°C.) previous to ex- 
posure to growth tests at 750° F., 
excessive growth took place despite 
an originally low carbon equivalent 

3.48 per cent) and a previous rec- 
ord of excellent growth resistance in 
the as-cast condition. In this case 
the high annealing temperature 
caused the original structure to com- 
pletely transform from pearlite to 
ferrite. 

The only alloying agent used in 
conjunction with such high anneal- 
ing temperatures was molybdenum, 
and in quantities of 0.35 to 1.0 per 
cent it appeared very materially to 
decrease the adverse effect of high 
annealing temperatures on growth 
resistance and to delay pearlite de- 
composition. Other carbide-stabiliz- 
ing alloys, such as chromium and 
vanadium, would be expected to 
have a similar effect. 

An obvious conclusion from the 
foregoing data is that the presence 
of ferrite in the structure of a cast 
iron, whether produced by using a 
high carbon equivalent or by anneal- 
ing an iron of lower carbon equiva- 
lent, seriously lowers the ability of 
an iron to resist growth. The use 
of small amounts of alloying ele- 
ments appears to counteract such in- 
creased tendency to grow insofar as 
they stabilize the pearlitic structure 
and prevent separation of ferrite. 

In general, these tests indicate 
that dimensional changes of cast iron 
in superheated steam at 750° F. can 
be held to very low values by proper 
analysis control. 


THERMAL SHOCK 


No direct research data on the 
resistance of cast iron to thermal 
shock were encountered during the 
present survey. The subject is intro- 





duced at this point, however, be- 
cause several engineers contacted in 
the course of this survey expressed 
concern regarding this property of 
cast iron. There appeared to exist 
some uncertainty as to whether cast 
iron would withstand sharp thermal 
gradients through a given section to 
the same degree as Steel, possibly due 
to a belief that thermal shock re- 
sistance may be asso_iated in some 
manner with ductility exhibited in 
a tensile test. 

Representatives of the valve and 
oil industry also inquired 
whether cast iron parts brought to 
a red heat due to accidental fire 


as to 


could be rapidly quenched with 
water or carbon dioxide without 
cracking. These inquiries suggest 


the possibility that failure of cast 
iron parts has occurred following 
such accidental fires, but no definite 
information. on such occurrences 
could be obtained, or estimates as 
to the comparative resistance of 
alternate materials, such as steel, to 
a similar set of conditions. 


Thermal Shock Resistance 


On the subject of thermal shock 
resistance, it is known from the pres- 
ent survey, as well as from records 
of heat-treated parts, such as cylinder 
liners, that (1) cast iron parts can 
be successfully quenched from tem- 
peratures above the critical point; 
(2) that cast iron is successfully 
used in internal combustion engines, 
furnace parts, pots and molds in 
which sharp temperature gradients 
normally exist, and (3) that, more 
recently, cast iron has been adopted 
as tapping pots for molten metals 
heated: to temperatures in excess of 
those used in steel manufacture. One 
contributor to the survey specifically 
stated that under temperature of 
1000° F. he considered the thermal 
shock resistance of cast iron to be 
satisfactory inasmuch as he regu- 
larly heated castings of sharply vary- 
ing section, such as cross heads, to 
760° F., and quenched them in cold 
brine without ill effects. 


However, information on the gen- 
eral subject of thermal shock re- 
sistance of cast iron is admittedly 
limited, and inherent shock resist- 
ance will no doubt vary, as in the 
case of steel, with the type of cast 
iron. In further investigation of the 
subject, it will be necessary to dif- 
ferentiate between failures due to 
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thermal shock, and failures due to 
development of growth 


trom pro- 


gradual 
cracks that may 
longed exposure of irons of unsuit- 


result 


able carbon equivalent to exces- 


sively high temperatures. 


IV. Consumer and Producer Reaction 
to Use of Cast Irons at High 
Temperatures 

In the course of the survey, opin- 
ions were obtained from manufac- 
turers and users as to the desirabil- 
ity of employing cast iron at 
These 


reactions are an important part of 


temperatures above 450° F. 


the survey and hence are sum- 
In considering the 
following remarks, the difficulties 
and limitations attendant on crystal- 
lizing the diverse opinions of many 
men from different fields into a few 


paragraphs should be borne in mind. 


marized here. 


It was found in the course of the 
survey that a surprising unanimity 
of opinion exists as to desirability of 
raising the present code tempera- 
ture above 450° F. Differences of 
opinion were encountered as to the 
exact maximum temperature that 
should be established, the suggested 
safe working temperatures in the 
range of 550 to 800° F. The major- 
ity selected maximum safe working 
temperatures in the range of 600 to 
750° F. In the few cases (four in 
all) in which the present code lim- 
itation of 450° F. was considered 
adequate, the individuals based their 
conclusions entirely on tests or ex- 
perience dating at least 20 years or 
more ago. 

In most cases these individuals 
qualified their remarks by stating 
that experience with modern or low 
alloy irons might alter their conclu- 
sions, but that such experience was 
lacking due to the existence of the 
present code limitation of 450° F 
When an increase in the code tem- 
perature was recommended, it was 
almost invariably accompanied by 
the statement that type of 
specification should be set up to as- 
sure the consumer that he was re- 
ceiving an iron for high 
temperature use. 


some 


suitable 


Suggested Specifications 

The suggested specifications in- 
cluded (1) establishing a minimum 
tensile strength for irons to be used 
within certain temperature ranges; 
(2) establishing a preferred chem- 
ical analysis with the purpose of 
controlling carbon equivalent; and 
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(3 establishing 
ments covering minimum percent- 
ages of steel to be used in the furnace 
charges, addition of special alloys 
and the use of ladle inoculation. By 
far the most commonly suggested 
specification was based on _ tensile 


foundry require- 


strength alone, a minimum of 40,000 
psi. usually being recommended for 
irons used at temperatures of 600° F. 


or above. 


Alloyed Cast Irons 
If an alloyed iron is employed, 
containing small 
amounts of one or more of the ele- 


i.é., an iron 


ments chromium, molybdenum or 
vanadium, or these elements in com- 
bination with nickel or copper, there 
is a general tendency among engi- 
neers to extend the allowable tem- 
perature limits above those employed 
It will be re- 
received 


for unalloyed irons. 
called from information 
from the British Cast Iron Research 
Association that this tendency also 
is evident in British practice. 

It should not be assumed from 
the foregoing that problems specific 
to certain industries and not directly 
connected with high temperature re- 
sistance may not limit the use of cast 
iron. For example, in the oil indus- 
try, although successful use of cast 
iron valves and fittings at tempera- 
tures up to 800° F. is believed feas- 
ible and has, in fact, been practiced 
in several instances, doubt is felt as 
to the advisability of using this mate- 
rial in lines carrying hot oil under 
high pressure. Failure from thermal 
shock in case of a fire is considered 
to impose too great a risk. 

In the valve industry opinion is 
divided as to the feasibility of using 
cast iron valves in certain industries, 
although all manufacturers believe 
the present temperature limit of 
450° F. can be raised at least 100° F. 
when using controlled cast irons. 
Proper pipe layout, such as the use 
of ball-and-socket joints, “L” joints, 
or expansion joints to avoid exces- 
sive or uneven loading, is considered 
important when cast iron valves or 
fittings are employed. 


High Strength Level 

The advantages of holding cast 
irons to a high strength level in such 
applications are at once apparent. 
In valves where stresses in excess of 
the strength of cast iron structures 
may be encountered, and where it 
is important that eventual failure 
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take place by distortion or bending 
rather than cracking, stee] should 
be selected. 

In steam applications, certain tur- 
bine manufacturers successfully em- 
ploy high strength and low alloy 
cast irons for casings, diaphragms 
and steam chests at temperatures up 
to 650° F., although a more con- 
servative attitude is exhibited by 
some of the larger manufacturers 
pending code changes. One pro- 
ducer, on the basis of tests reportedly 
made in France about 20 years ago, 
uses cast iron only in exhaust lines. 


Steam Engines 

Records of the behavior of steam 
engines, specifically of the locomo- 
tive type, proved to be one of the 
most fruitful sources of information. 
The universal and successful use of 
cast iron in such applications at tem- 
peratures as high as 750° F. and 
under 250 psi. constituted, in the 
opinion of many engineers, the best 
possible proof that the present low 
temperature limitation on cast iron 
is not justified. 

Marine steam engines now employ 
cast iron at temperatures up to 
650° F. and 240 psi., and no diffi- 
culty has been reported from its use. 
The sections employed are rather 
heavy, but no marked or destructive 
growth has been experienced. The 
data are sufficiently conclusive to 
have resulted in recent marked lib- 
eralization of the attitude of govern- 
ment agencies towards the use of 
cast iron in high temperature marine 
propulsion engines. 


Internal Combustion Engines 

In the case of internal combustion 
engines, a very liberal attitude was 
evident regarding the use of cast 
iron. Cast iron parts operating at 
temperatures of 1000° F. and with 
skin temperatures exceeding this fig- 
ure were encountered, and parts 
operating continuously at tempera- 
tures up to 750° F. were common. 
Many of these parts show marked 
temperature gradients since they are 
usually water cooled. No growth or 
trouble was-reported by the manu- 
facturer during the expected life of 
the engine except from accidental 
factors, such as overloading. 


Foundrymen associated with 
foundries capable of producing con- 
trolled cast irons were generally of 
the belief, based on reports of con- 
sumers, that the temperature limita- 





tion could be safely increased to at 
least 650° F. They expressed full 
confidence in their ability to pro- 
duce, regularly, irons to meet such 
temperature conditions. 


V. Conclusions 


(1) Successful use of cast iron of 
controlled analysis in a wide variety 
of temperature applications demon- 
strates that there is no justification 
for continuing the present arbitrary 
temperature limitation of 450° F. for 
all cast irons, as originally estab- 
lished by the A.S.M.E. Code Com- 
mittee in 1914. 

(2) It is evident from the record 
of 233 applications above 450° F. 
that cast irons of controlled analysis 
can be safely employed in many pres- 
sure applications at temperatures 
considerably in excess of 450° F. 

(3) From the survey record, it is 
evident that cast iron parts of con- 
trolled analysis are being success- 
fully used in pressure applications 
at temperatures as high as 750° F. 
with indefinite life, or with a life 
limited by other factors than heat 
resistance. 

(4) Out of the 233 applications 
on which records could be obtained, 
only nine failures due to heat effects 
were reported. Each of these nine 
failures is limited to cast irons made 
prior to 1920, and in all of the cases 
in which analyses of the unsuccess- 
ful irons are known, the carbon 
equivalent, per cent C + 0.3 (per 
cent Si + per cent P), was found 
to be 4.0 per cent or above. A num- 
ber of castings showed limited life 
as the service temperature exceeded 
750° F., but were considered success- 
ful by the users inasmuch as final 
failure was reported to be due to 
factors not connected with the in- 
herent heat resistance of cast iron. 


High Temperature Pressure 
Applications 


(5) In the production of cast 
irons for high temperature pressure 
applications, a definite tendency has 
been shown to hold the total carbon 
content to a low or medium value 
(2.7 to 3.35 per cent) and the carbon 
equivalent in the range of 3.4 to 3.9 
per cent. The majority of successful 
applications were made from cast 
irons lying within this analysis range. 

(6) It is evident from the re- 
corded failures and existing research 
findings that unalloyed open-grained 
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irons of a carbon equivalent of 4.0 
per cent or above are normally not 
suited for high temperature pressure 
or steam applications. 

(7) From the survey records, it is 
evident that for successful heat re- 
sistance it is advisable to hold the 
tensile strength of cast irons to a 
minimum of 35,000 psi., with the 
average minimum tensile strength 
approximating 40,000 psi. 

(8) Ladle inoculation is widely 
employed in irons used for high tem- 
perature applications. At least 58 
per cent of the irons covered in the 
survey are known to have received 
some type of ladle inoculation. 


Low Alloy Cast Irons 
(9) About 34 per cent of the 


irons covered in the survey are of 
the low-alloy type, i.e., they have re- 
ceived small additions (up to 2.5 
per cent) of one or more of the ele- 
ments chromium, nickel, copper, 
molybdenum, and vanadium. The 
number of alloyed irons increases 
with the severity of the temperature 
conditions. Chromium is the most 
common alloying element, appearing 
in 91 per cent of the alloyed irons. 


(10) Records of experimental 
work received in the course of the 
survey show that in “short-time” 
tensile tests the normal strength of 
cast iron is maintained up to a tem- 
perature of at least 750° F. Avail- 
able creep test data indicate that 
cast iron (up to at least a carbon 
equivalent of 3.9 per cent) can re- 
sist loads of approximately 10,000 
psi. at 750° F. without exceeding a 
creep rate of 1 per cent in 10,000 
hours. 


(11) Records of research work 
and service exposure tests indicate 
that the presence of free ferrite in 
an alloyed iron (whether the ferrite 
is produced as cast by using a high 
carbon equivalent or produced by 





annealing an iron of lower carbon 
equivalent) seriously lowers the abil- 


ity of an iron to resist growth. 


Chromium Additions 


12) Unpublished research rec- 
ords from several sources were re- 
ceived in the course of the survey 
with reference to the effect of small 
chromium additions on decreasing 
growth. The use of chromium as 
other alloying elements, 
either alone or conjointly, is recom- 
mended by these contributors. These 
findings are in accord with published 
information, and the use of small 


well as 


amounts of alloying elements in cast 
iron would, therefore, appear ad- 
visable, at least to the extent that 
they stabilize a pearlitic structure 
and minimize separation of free fer- 
rite. 


Vi. Recommendations 


The authors of the present report 
have been asked to offer general 
recommendations on the basis of 
material received in the course of 
the survey and interviews held with 
producers and consumers. However, 
it is realized that no attempt should 
be made to usurp the functions of 
code bodies whose legitimate busi- 
ness it is to fix allowable tempera- 
ture limits and determine specifica- 
tions. 

It can be stated, solely on the basis 
of the factual survey, that cast irons 
of controlled analysis can be and are 
successfully employed in commercial 
pressure applications at tempera- 
tures up to at least 750° F. On the 
basis of research findings, such irons 
also retain a large proportion of 
their strength and structural stabil- 
ity up to this temperature. In view 
of these findings, the present arbi- 
trary limiting temperature of 450° F. 
set by the A.S.M.E. Boiler Code and 
other code bodies for all cast irons 
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irrespective of type, does not appear 
justifiable. 

It is recommended that any cast 
iron intended for high temperature 
applications be required to meet 
definite specifications. On the basis 
of this survey, unalloyed or low- 
alloy cast irons normally should be 
of low or medium carbon content, 
and possess a maximum carbon 
equivalent of about 3.9 per cent. Use 
of carbon equivalents above this 
maximum would appear to be justi- 
fied only in the case of highly alloyed 
irons. 

Ladle inoculation enters this pic- 
ture insofar as it will beneficiate the 
structures obtained with low carbon 
equivalent irons. The cast 
should be required to meet a min- 
imum tensile specification; for ex- 
ample, 35,000 psi. in the case of irons 
used in the neighborhood of 450° F., 
and progressively stronger irons for 
use at higher temperatures. The be- 
lief that tensile strength can be used 
as a major criterion is widespread, 
as evidenced by the proposed Cali- 
fornia Unfired Pressure Vessel Safety 
Orders and the reactions of many in- 


irons 


dividuals contacted in the course of 
the survey. 

The use of small percentages of 
added alloying elements that sta- 
bilize a pearlitic structure appears 
advisable under severe temperature 
conditions, or to assure heat resist- 
ance in critical applications. 

The information obtained indi- 
cated that the use of cast iron can 
be safely extended in high tempera- 
ture fields. However, the authors 
strongly feel that on the basis of this 
survey, cast iron should not be pro- 
miscuously substituted for other ma- 
terials. Each installation should be 
carefully reviewed to be sure that 
some property other than heat resist- 
ance may not be the final deter- 
mining factor. 














CENTRIFUGAL CASTING 


Committee Studies Casting Methods 


By Chairman D. Basch, General Electric Co., Schenectady, N. Y. 


HE Committee on Centrifugal 

Casting was constituted at the 
1944 meeting of the A.F.A. Alumi- 
num and Magnesium Division. 

The task allotted to this commit- 
tee was to investigate the possibilities 
of centrifugal casting light metals— 
aluminum and magnesium. Another 
duty involved obtaining for the light 
metals industry the same advantages 
that have accrued to such a large 
extent in steels, cast iron and the 
brasses. 

At the first committee meeting, 
held in Cleveland, representatives of 
the foundry industry, suppliers, ma- 
chine builders and presumptive con- 
sumers of light metal centrifugal 
castings were present. This meeting 
was called to obtain opinions and 
discuss new ideas. 

Possibilities Evident 

It became evident that the pos- 
sibilities of light metals for centrifu- 
gal castings were quite definite, and 
that the advantages would be out- 
standing. No particular action was 
taken, but everybody was asked to 
collect whatever information was 
available and to formulate in their 
own mind some ideas as to how the 
work should be handled. 

The second meeting took place in 
Detroit, and it soon became evident, 
in the discussion, that there was no 
agreement as to the basic principles 
to be followed. While there seemed 
to be agreement as to the feasibility 
of centrifugal casting of light metals, 
the ideas as to what must be done 
to produce centrifugal castings were 
widely divergent. Fortunately, the 
chairman had been able to lay his 
hands on confidential reports on 
centrifugal casting of light metals 
issued by the British Armament Re- 
search Department, which is the 
counterpart of the American War 
Metallurgy Board. The British ap- 
parently have done a tremendous 
amount of work in investigating the 
light metal centrifugal casting proc- 
ess and have been able to transform 
some very definite recommendations 
as to the best manufacturing rou- 
tine using these light metals. 

The English report claims that 


aluminum and magnesium can be 
cast centrifugally to be free from 
oxide inclusions and of a dense, fine 
grain structure without undue segre- 
gation. Also that the physical prop- 
erties exceed those of ordinary sand 
castings and with yields, i.e., the 
ratio of net and gross weight, con- 
siderably above that of sand cast- 
ings. 
Use British Pattern 

It was agreed that if the rec- 
ommendations of the British Arma- 
ment Research Department could 
be proven to be valid we would have 
a firm basis for further development. 
It was further decided to use a pat- 
tern corresponding, in the main, to 
the same design as that employed 
by the BARD. This pattern was to 
be used for test purposes, a certain 
number of castings in aluminum and 
magnesium following the manufac- 
turing routine by the British. 

The proposed casting is a wheel 
about 13-in. diameter, weighing 
about 20 lb. when made from alumi- 
num, and is a combination of a 
centrifugal and a centrifugal cast- 
ing. 

A group of plants agreed to pro- 
duce, in a vertical machine, three 
centrifugal castings each of the vari- 
ations of the pattern. (The varia- 
tions consisting simply in different 
thicknesses of the spokes connecting 
the hub of the casting to the rim.) 

A similar group agreed to make 
the corresponding number of mag- 
nesium alloy centrifugal castings. 

One plant agreed to make the 
same number of aluminum and mag- 
nesium castings in sand for compari- 
son with the centrifugal castings. 

Another plant decided to produce 
the same number of castings in per- 
manent molds; while another under- 
took the production of magnesium 
castings in graphite (as the nearest 
approach to metal mold). 

In order to make sure that all 
castings, whether made centrifugally 
or statically, use exactly the same 
metal, the aluminum and magne- 
sium is to be taken from the same 
stockpiles. For a similar reason it 
was arranged with one concern to 


undertake the heat treating of all 
castings, and with another firm to 
do all the x-raying of the castings. 

After heat treatment and x-raying, 
test bars will be cut out of each 
casting, at strategic locations, to de- 
termine tensile, yield strength and 
elongation. Analysis also will be 
taken at various points of the cast- 
ings to investigate the changes in 
composition, segregation, etc. The 
physical testing has already been 
arranged for through the generous 
help of the committee members who 
have the testing equipment and per- 
sonnel. 

Grain size will be checked. 

All data will be coordinated and 
finally evaluated by the plenary com- 
mittee. 

The job is progressing, the mate- 
rial has been distributed, patterns 
have been made, and we may expect 
castings in the not too far distant 
future. 

Of course, under present conditions 
of manpower shortage and produc- 
tion demands the program cannot 
progress as fast as it would ordi- 
narily. The interest in the program, 
however, seems to be so general and 
the advantages to be realized, both 
commercial and mechanical, so evi- 
dent, that the work is actually 
progressing faster than we had ex- 
pected. 


Some Results 

Some isolated tests run in the 
meantime have brought out the fol- 
lowing points: (1) The yield of 
aluminum centrifugal castings is on 
the order of 70-80 per cent (higher 
in the case of stack molding) against 
about 25 per cent in sand. (2) The 
yield of magnesium centrifugal cast- 
ings is again about 70-80 per cent 
(higher in the case of stack mold- 
ing) against about 20 per cent in 
sand. (3) The fear of the danger of 
oxide inclusions in aluminum and 
magnesium due to the weight ol 
aluminum and magnesium oxides 
compared with the base metal does 
not seem to be borne out by actual 
tests. (4) Castings made so far in- 
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dicate dense, fine grain structure 
with high physical properties. (5 
Stack molding, i.e., stacking cores on 
top of each other with one common 
through sprue, seems to be quite 
feasible. 
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COMMITTEE REPORT ON 
The Foundry Sand Research Project 


By Technical Director H. Ries, Ithaca, N. Y. 


N spite of the pressure of work 

due to war conditions, most of 
our sand research committees have 
continued active during the past 
year. 

The testing of sands at elevated 
temperatures has assumed such im- 
portance that it was found neces- 
sary to form three subcommittees, 
dealing with steel, iron and non- 
ferrous sands, respectively, and the 
first of these subcommittees has been 
particularly active. The results of 
this work are appearing as reports 
of D. C. Williams, Sand Research 
Fellow. 

Methods Being Developed 

The Subcommittee on Physical 
Properties of Steel Foundry Sand at 
Elevated Temperatures has spent 
much time developing the proper 
methods of testing sand at elevated 
temperatures, and establishing the 
requisite conditions of testing and 
furnace construction to produce re- 
uniform and comparable 
results. It is surprising to find how 
many factors enter into the prob- 
lem, and each must be given care- 
ful consideration. These high tem- 
perature tests are in some cases 
used for sand control work and in 
others for research experiments. It 
is to be hoped that they will be used 
more for the former when better 


liable, 


understood. 

The Committee on Grading and 
Fineness is giving attention to the 
method of expressing fineness by 
cumulative curves, instead of plot- 
ting individual percentages. It also 
is considering the use of the hydrom- 
eter for separating the constituents 
of the A.F.A. clay, which will be 
found to be of importance. 

Another important property need- 
ing more attention is that of green 
deformation. Foundrymen have not 
given it much attention and have 
They 


have sometimes complained of the 


not realized its importance. 


inconsistent results obtained. W. G. 
Parker, chairman, Committee on 
Deformation, has devised a mecha- 
nism which makes the test more 
reliable, and his committee should 
have information of interest to pre- 
sent in the not distant future. 

The Core Test Committee has a 
number of problems which it is in- 
vestigating, such as warm strength 
and moisture absorption tests, col- 
lapsibility, core washes, core gas, 
etc. These have been assigned to 
subcommittees of the main commit- 
tee and will be reported on at a 
later date: . 

The Light Metals Committee still 
has much work ahead of it studying 
first shop mixtures and their prop- 
erties and perhaps special methods 
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of testing. As Chairman Brewste1 
states, references in the literature are 
quite old and scanty. 


Another committee, that on Green 
Sand studying the 


present tests on green sand to see 


Properties, is 


what improvements in them may be 
necessary 

Two committees which have been 
inactive for the duration are those 
on Durability and Flowability. We 
are particularly in need of a stand- 
ard and suitable method for testing 
the latter, as foundrymen 
claim that existing suggested meth- 
ods do not help them 


some 


There is no doubt that the addi- 
tional routine work imposed by the 
war has caused a slowing down in 
some cases of sand research. This 
is unfortunate, because there is still 
much to be done. 

The Chairman finds that impor- 
tant and interesting work which has 
never been published has been done 
in some foundry laboratories, and it 
would be informative and of value 
if, when such results are obtained, 
they could be made public. In some 
cases this work involves tests which 
hitherto have not been generally 
tried. 

The use of sand control has be- 
come widespread and foundrymen 
are appreciating it more and more. 
Cases are found where there is dif- 
ficulty in applying it to foundry 
practice, but it should be emphasized 
that the tests should be carried out 
in accordance with instructions to 
obtain reliable results. Furthermore, 
the results obtained in these tests 
should be carefully checked with re- 
sults obtained in the foundry. 











Two types of passenger locomotives are shown above. The extreme differences are quite apparent. Will the locomotive of tomorrow require 
more castings or will plastics, welding, metal stampings, forgings or powder metallurgy play a larger part than normally? 








The P 0 S T-WAR Outlook 


for the Foundry Industry 


By E. F. Platt, 


Castings Buyer, Sperry Gyroscope Co., Brooklyn, N. Y. 


* This paper, while recognizing the technical ad- 
vances and war production records of the foundries, 
emphasizes the need for intelligent cooperation 
within the industry to meet the problems of post- 
war competition. 


URING 1943 Arthur J. Tus- 

cany, Executive Secretary, 
Foundry Equipment Manufacturers 
Association, made the following 
statement: “The foundries of this 
country have made a much larger 
contribution to the war effort than 
they themselves appreciate or 
realize.” 

In the Dec. 1944 issue of The 
Foundry, the editor discussed the ex- 
cellent record established by found- 
ries during the first year of the war, 
and concluded with the statement 
that “an industry which has been 
able to establish such a fine record 
should render even greater service in 
the days to come.” 

For the purpose of comparison, a 
few examples of some of the things 
which have recently confronted 
foundry operators should be men- 
tioned. 

During the time it has been the 
author’s pleasure to serve on the 
A.F.A. Inspection of Castings Com- 
mittee, he has come to recognize 
that buyers of castings, as well as 
foundries, have their shortcomings. 


The author should like everyone to 
understand that, as far as he is con- 
cerned (and he is sure that other 
buyers of castings feel likewise), 
anything which can be done to bring 
about closer cooperation between 
foundries and buyers of castings, in 
the trying days ahead, will be care- 
fully considered by the members of 
this Committee. 


Foundry Reconversion Period 

It would be presumptuous for any 
individual to attempt to answer even 
some of the many questions which 
are being asked from day to day as 
to the future for the foundry in- 
dustry. Nevertheless, the shape of 
things to come is, to the author’s 
eyes, clearly evident. 

The dedication of practically our 
country’s entire industrial machine 
to the prosecution of the war is now 
complete. Even with the shift of 
things required by our armed forces 
of various and sundry types, there 
is an obvious lag. No one knows 
how long the accent on war manu- 
facture will continue any more than 





anyone knows when the war will 
end. However, we can feel reason- 
able sure of one thing and that is 
when the war does end (and it is 
sincerely hoped that that day is not 
far off), a reconversion period will 
confront all of us. 

The author is one who feels that 
it will not take much more time to 
reconvert than it did to get under 
way for war manufacture. The pre:- 
sure of civilian requirements is likely 
to be great, although of a different 
character. 

We know now that the nation at 
large is going to be starved for 
machines and gadgets of all types 
Our transportation system, from rail- 
roads to automobiles, will be pretty 
well worn out. And we suspect that 
every man returning from service in 
our armed forces will want to get 
aboard something and go some place 

It seems logical to expect that th: 
automobile industry will reconver 
first, with probably little immediat 
change in their first models. The 
will probably make use of their ol 
machine tools and start manufactur 
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ing early in order to satisfy the ap- 
petite for new orders. The same 
thing will apply to thousands of 
machines, such as _ refrigerators, 
vacuum cleaners, washing machines, 
furnaces, kitchen equipment, etc., 
and private utilities are going to 
need pumps, pipes, turbines, gen- 
erators, and no end of other equip- 
ment. 


Agricultural Machines Needed 

Last, but by no means least, our 
farm trade will need new agricul- 
tural machines in untold quantities. 
Summing all this up, the outlook for 
the foundry industry, to say the least, 
is encouraging. There will be de- 
mands for all types of goods. Large 
interests will have huge plants and 
increased funds. 

The demands for repair parts for 
all types of machines will be notice- 
able, and this latter demand could 
have the effect of shifting more of 
this business out of the foundries 
that will be required to run full 
capacity on new work. 

Now, here is an important point 
in the foundry industry, we shall see 
a very large increase in the capacity 
for manufacturing light, non-ferrous 
castings. However, among compet- 
ing industries, there will be a large 
capacity for producing forgings. 
Plastics in many forms will be of- 
fered, and the new combination of 
wood and plastics will prove to be 
more competition for foundries. 

All of the government training 
which has been under way during 
this war, and which makes “Winnie” 
a welder in two months, has given 
a lot of good publicity to the weld- 
ing process, and the emphasis on 
aircraft, where welding and _ press- 
ing has predominated, has undoubt- 
edly made its impression on the 
working public as well as on the 
designers. 


Foundry Merchandising 

The fact that casting manufac- 
turers have done an outstanding job 
during this war is recognized and, 
we believe, understood. Some of the 
things being done with castings to- 
day were unbelievable a few years 
ago. However, on the matter of mer- 
chandising its products, the foundry 


industry, as a whole, is so far behind 
that it is not even funny. During this 
war, the foundry industry needed to 
give little attention to the matter 
of seeking buyers. The buyers, it 
seemed, sought the foundries. 

That may be one reason why 
casting manufacturers have been so 
reluctant to really sell and produce 
on anything like the plane that other 
industries have. The author is con- 
vinced that an industry which has 
shown the progress and accomplish- 
ment in methods of production, both 
scientific and technical, that the 
foundry industry has achieved, can, 
if it will, do an outstanding job of 
merchandising its product. 


Industry Cooperation 
Whether or not this is possible 
cooperatively throughout the entire 
foundry industry, we are not pre- 
pared to say. Experience seems to 
indicate that it has been impossible. 





This paper was secured as part of 
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It such is the case and it is impos- 
sible, then let the various branches 
start at once toward the desired 
goal by doing the job individually 
but to the point of refraining from 
casting aspersions within the foundry 
camp. 

There is too much to be done, if 
we are to catch up with welding, 
stampings, and other competitive 
constructions, to waste energy by 
swinging on one another within our 
own industry. 


Future Planning 

Until just recently, it was con- 
sidered rather unpatriotic to think 
of planning for the future. Our job, 
as manufacturers, was definitely in- 
dicated to us to keep producing 
everything necessary to speed the 
day when the United Nations could 
successfully conclude this war. We 
were persuaded to forget future 
planning and thinking. Recently, 
however, there has come a change 
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in this direction. It is now once 
again respectable for manufacturers 
tv engage in the necessary practice 
of planning for the future. 

It is interesting to note, in passing, 
that politicians, social reformers, 
farmers, labor unions, and other 
groups have been planning plenty 
all during this war effort, and are 
continuing to do so today. Consider 
this thought: if the foundry indus- 
try does not do some planning of its 
own and have some things ready to 
present for itself, it may find that 
others have undertaken to do the 
job for it. 

The specific problems which, to 
the author’s mind, concern the 
foundry industry today are the self- 
same which have con- 
front it in the past. Either we 
solve these problems or we disin- 
tegrate. Each one of these problems 
could be answered by intelligent and 
cooperative effort on the part of 
the entire industry by doing a more 
constructive job with recognition of 
certain outstanding needs and in 
the determination of these needs 
through joint action. 


problems 


Successful Foundry Organized 

It is very simple to see that where- 
ever we find a successful foundry, 
we find an organization which has 
done two things: improved its prod- 
uct to the highest degree possible 
and then set out to do a really con- 
structive merchandising job. The 
lesson is obvious. It is possible to 
stimulate demand by making known 
the desirable features in a product 
And it is possible to gain a position 
of national leadership through con- 
certed, unified action. 

The story of what American in- 
dustry has done through coopcera- 
tive action during this war is one 
of the most fascinating, as well as 
satisfying, pages in the industrial 
history of our country. 

Converting peace time factories 
and organizations into arsenals of 
war shows the initiative and ability 
of American engineering minds. Our 
success on land, sea and air has been 
due to a cooperative spirit between 
all industries. One thought in every- 
one’s mind being to win the war 
first. 














Some fi spects of 





GREEN DEFORMATION and SAND TOUGHNESS 


AND control work, like other 

phases of foundry technology, 

should consider every advan- 
tage if the greatest amount of good 
is to be derived. It is the general 
practice among foundrymen who in- 
corporate sand testing in their pro- 
cedures to check the green compres- 
sion strength, permeability and mois- 
ture. These all have importance in 
their own right. However, the green 
deformation test, when properly 
made and interpreted, can be of 
equal importance. 

Although the deformation test is 
an important one, it is not used 
frequently, possibly because it needs 
special apparatus and involves some 
extra work. Furthermore, its bear- 
ing is not always understood. 

It is agreed by foundrymen who 
have devoted any appreciable time 
to testing, that this test should be 
given greater attention in sand con- 
trol work. Like any other test, the 
equipment used requires careful 
thought and manipulation. How- 
ever, the amount of extra work 
necessary in setting the deformation 
attachment is very little. The actual 
procedure, as used by the author, 
will be described later in this paper. 


Reducing Defects 

Deformation is a sand character- 
istic which will not do the greatest 
amount of good unless other factors, 
such as the type of sand, type of 
bond, condition of preparation, 
moisture content, etc., are consid- 
ered. When all these factors are 
taken into consideration, it becomes 
an extremely useful and important 
test and a definite aid in reducing 
defects in a foundry. 

Opinions differ among operators 
regarding the factors which affect 
deformation and the interpretation 
of test results. R. Chadwick! states, 
“Molding sand, like other materials, 


In AY and C2. ontrol 


By Wm. G. Parker, 


Metallurgical Dept., Elmira Foundry Co., 


Elmira, N. Y. 


* Deformation and sand tough- 
ness number determinations pro- 
vide the foundryman with im- 
portant tools — too seldom used 
—for molding sand mixing efiici- 
ency and workability control — 
these factors directly affecting 
the amount of foundry scrap and 
machining time. 


may possess sand strength but the 
strength is considerably limited due 
to a property which might be termed 
deformation.” This writer firmly 
believes that if foundrymen were 
not so callous as to believe strength 
alone to be a deciding factor, much 
good could be derived by making 
application and endeavoring to se- 
cure correct interpretation. 

The writer has long been inter- 
ested in two properties of sand, 
namely, deformation and toughness. 
In his sand testing work, he found 
quite frequently that, in using the 
deformation attachment as supplied 


by the manufacturer, a “following 
along” with the arm of the machine 
as the deformation occurred, gave 
erratic results. 


Test Apparatus Modification 

To obtain results that check 
closely, he made certain modifica- 
tions in the commercial apparatus 
commonly employed. These are 
shown in Figs. 1, 2 and 3. 

The deformation test is made on 
the commercial motor-driven, sand 
strength machine at the same time 
that the sand specimen is tested for 
green compression strength. After 
placing the 2-in. A.F.A. standard 
specimen between the lower test 
heads, the deformation arm is low- 
ered, making contact with the weight 
arm. Load is then applied on pusher 
arm by starting motor and running 
only long enough to show 1 psi. 
compression strength on the green 
strength scale. 

This takes up all slack between 
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Fig. |—Bracket used to hold deformation accessory. This bracket is the support which 

holds the deformation accessory independent of the holding weight shaft. Before 

drilling and tapping the two threaded holes in the head of the machine, make certain 

that the alignment or swing of the arm is equidistant throughout the travel on the arc 
of the machine. 
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Fig. 2—Detail drawing of bearing for arm of deformation attachment as attached to 
the bracket shown in Fig. |. 
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pusher arm and weight, making good 
contact between the sand specimen 
and test heads. At this point, the 
bezel dial on the deformation indi- 
cator is set at zero with the black 
hand; the red maximum hand is set 
against the indicator hand. Proper 
tension on the indicator shows a 
constant movement on indicator 
hand throughout deformation of the 
specimen. Failure of the hand to 
keep traveling while pressure is ex- 
erted, is due to lack of resistance at 
the indicator where contact is made 
on the arc of the machine. 

To eliminate the parallel travel 
which the writer experienced in his 
testing, he made certain modifica- 
tions in the present test apparatus. 
A separate bearing (Fig. 2) was at- 
tached to the topmost part of the 
machine, freeing the deformation 
attachment from the movable arm 
originally designed for attachment 
of the deformation accessory. An 
actual photograph of a machine 
with this modification is shown in 
Fig. 4. 

Figures 2 and 4 show a brake shoe 
with an adjustable feature which 
allows the proper tension to be ap- 
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plied to the assembly to arrest the 
motion of the arm while performing 
the test. With these changes in the 
testing apparatus, we have been able 
to measure deformation of the sands 
used in our foundry consistently. 

Figures 3 and 5 show the adjust- 
able tension stop located at the end 
of the deformation accessory which 
rides on the steel arc of the testing 
machine immediately above the gear. 
The author designed this attachment 
to eliminate the “following along” 
experienced with the commercial 
set-up encountered when making the 
deformation test, and which was re- 
sponsible for the erratic results ob- 
tained. 

Deformation is expressed by the 
author in thousandths of an inch 
per 2 inches. (The recognized 
method of expressing deformation is 
inches per inch.) It is measured by 
means of the attachment to the com- 
pression strength testing machine. 

If the. deformation obtained on 
the sand is multiplied by the green 
compressive strength and the pro- 
duct multiplied by 1000, the figure 
obtained will express what is known 
as toughness of the sand, and the 
number itself is the sand toughness 
number. This number fermerly was 
referred to as resilienc:. The late 
Professor A. C. Davis, Cornell Uni- 
versity, called attention to the fact 


297 


that resilience was an incorrect term 
and showed that toughness was the 
correct one. 

What Deformation and Tough- 
ness Show. There seems to be a 
prevalent opinion lield by those who 
have given much thought to the 
matter that deformation indicates 
the efficiency with which a molding 
sand has been mixed, that is, mixing 
efficiency. Many operators who de- 
termine deformation do not take the 
trouble to calculate the sand tough- 
ness number. However, in the 
opinion of the writer, the sand 
toughness number is an indication 
of the workability of the sand. Work- 
ability might be defined as the ease 
with which a molding sand can be 
formed into a mold of the required 
properties. 


Molding Sand Plasticity 

Buchanan? seems to feel that plas- 
ticity, which is necessary in a mold- 
ing sand, is not in any way measured 
by the compressive strength test. In 
the writer’s opinion, the deformation 
of a foundry molding sand deter- 
mines: (1) the ease with which the 
pattern may be drawn from a mold 
and (2) the degree of accuracy of 
the mold cavity. Should either of 
these difficulties be encountered, the 
first obviously slows down produc- 
tion and the second either reduces 
the number of good castings pro- 
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Fig. 3—Adjustable tension stop. This 
adjustable tension stop is located at 
the dial end of the deformation acces- 
sory and is held as shown. The shoe 
rides on the steel arc of the machine 
immediately above the gear. 
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Fig. 4—-Illustration showing the installation of the bracket and bearing at the top of a 
commercial, motor-driven sand testing machine. 


duced or increases machining time. 
Green Strength. 
necessarily 
change in a constant ratio with 
green compression strength. Some 
binding materials give greater green 
compression strengths than others. 
This being true, it can be seen 
readily that, to get the same strength 
with different bonds, varying quanti- 
ties must be used, providing every- 
thing else is equal. 

Deformation and green strength 
are factors resulting from binding 
material additions. Some bonds pos- 
sess greater plasticity than others. 
We have found this to be true by 
trials. Therefore, we have used vary- 
ing percentages of different binding 
materials to get the desired results. 

Two sands might differ in their 
green compression strengths, yet 
show the same deformation, or they 
might have same toughness number 
even thoygh they varied in both 
green compression strength and de- 


Deformation vs. 
Deformation does not 


formation. 

Examples. In our work, we have 
a number of different sand mixtures 
employing new sands which range 
in A.F.A. grain fineness from 145 to 
45. Although these sand mixtures 
may have like characteristics in some 
of the physical tests, one sand would 
not supplement the other for best 
usage. 

As an example, we mention the 
two cases shown in Table 1. Case | 
shows that, under A, we have sand 
which has only one-half the defor- 





mation value of that shown under 
B. This would indicate insofar as 
green compression strengths are un- 
like and moistures are nearly alike, 
that there must be a difference in 
sand grain sizes or the actual bond 
used. Case 1 also shows the same 
permeability in both A and B. This 


eliminates grain size. The most 


plausible answer would be the 
amount or the kind of bond used. 

Mixing time and equipment all 
play a very important part in get- 
ting full value from bond additions. 
We may assume that sand B shows 
proper mulling and A shows that we 
have much unused bond still in our 
mixture. In Case 2, C and D rep- 
resent the same sand with a varia- 
tion of moisture content. This 
difference of 0.9 per cent moisture 
gives a green compression strength 
difference of 1.7 psi. and a differ- 
ence in deformation of 0.003 in. in 
2 in. The sand toughness number 
is the same in both C and D. 

Effect of Changes in Sand Mix- 
tures. The deformation of a green 
sand will vary depending upon 
changes in the ingredients of the 
sand mixture. 

To understand these changes, 
which the different ingredients might 
have, it is necessary to understand 
the reaction of each not only indi- 
vidually but in combination with 
each other. It has been found that 
these changes do not give parallel 
lines on a graph. For this reason, 
when establishing a synthetic sand, 
it is necessary to consider grain size 
and distribution, bonding and glaz- 











Fig. 5—Illustration showing the adjustable tension stop detailed in Fig. 3 
attached to the arc of the machine. 
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Table 1 Si work Likewise, the converse of this 
: is true 
Sand Prysicat PROPERTIES The optimum sand _ toughness 
Green number required in a given foundry 
, Compression Sand will be dependent upon the mate- 
Moisture, Strength, Green Deformati loughnes ; ‘ 
Sand per cent psi Pevenaubities Sen de “Bide Steir ees rials at hand, preparation equipment 
CasE 1 available and the type of castings 
A 4 8.1 150 0.015 121 made The leeway between tough- 
B 4.2 7.3 150 0.030 319 ness nuinbers is relatively small. We 
CasE 2 have found in our foundry opera- 
C 5.5 9.4 25 0.014 131 tions that it is not necessary to be 
D 6.6 7.7 24 0.017 131 too cut and dried in considering this 
tolerance 
As an example, take two sands 
ing materials, mulling time and tures on Toughness. Increasing bond with a toughness number of 150 
moisture content. tends to make sand toughness num- One sand may be used in a mold 
Deformation vs. Sea Coal. There bers rise. Flowability also decreases, which is to be filled with metal 
seems to be a difference of opinion which makes the sand harder to ram which has a minimum pouring tem- 
as to the effect of sea coal on de- and, as a result, requires a longer perature and will result in a good 
formation. Chadwick! states that its time to accomplish the ramming finish on the casting. The other 


addition makes the sand-clay mix 
short and brittle, while the bond 
strength increases. Dietert*® states 
that toughness and deformation in- 
crease up to a certain point beyond 
which both decrease as more coal is 
added. 

Deformation vs. Other Sand Prop- 
erties. Other properties of a molding 
sand having definite effects on de- 
formation and their correlation are 
not discussed here. 


Sand Toughness 

As previously stated, sand tough- 
ness is directly related to deforma- 
tion. H. W. Dietert and E. E. Wood- 
liff* have stated that “. . . resilience 
(toughness) values are in reality the 
true working strengths of a molding 
sand.” It has been stated further 
that the terms “resilience,” “work- 
ability,” and “sand toughness” all 
express the same sand characteristics. 
It is the writer’s opinion that the 
sand toughness numbers are the in- 
dication of the workability of a sand 
and that by their use, sand control 
can be simplified. 

Effect of Changes in Sand Mix- 
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Fig. 6—Chart used to report properties of 
mulled batches to operators. 


sand, having the same toughness 
number, may be prepared with less 





refractory materials, with an in- 


SAND CONTROL ferior bond and be poured with 


much hotter metal. Such a com- 








aa ” bination would not stand up to give 
_ wee a Satisfactory casting. 
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"odie bonding material within safe work- 


| ing limits in using this expedient for 
. control work. There is objection to 
using bond to increase the over-all 
ae es, oie 7 - sand toughness number. However, 
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DAILY SAND CONTROL TEST SHEET 
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Fig. 8—Chart used to compile complete daily sand testing data. This form is kept on file. 
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ing procedures are such that no free 
bond is present after preparation. 

Toughness vs. Grain Size. Other 
things equal, the smaller the grain 
size, the greater the sand toughness 
number. It is only necessary to 
understand that with the finer sands 
greater areas are exposed, thus mak- 
ing them more vulnerable to the 
bond material. 

Toughness vs. Defects. A chart* 
is available showing relation of the 
sand toughness numbers to different 
mixtures as follows: 

Ferrous and non-ferrous sands 


with sea coall................... 60-130 
Gray iron and malleable sands 
WE GER COD. ccccccsncegcesous 70-130 
Clay, bentonite, cereal bonded 
steel green sands.............. 80-170 
Skin or oven dried molds, steel 
SET Gi Ritidscciceenl 150-230 


Above the upper limits of each 
group, there may be danger of scabs, 
buckles, or blows; while below the 
lower limits, there is danger of cut- 
ting, drops, rat tails, and mold peel- 
ing. 

Sand control in any foundry can 
be expected to produce results, 


namely, decrease the number of de- 
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fective castings, improve finish and 
shakeout conditions which reduce 
lumping of sand to a minimum, and 
improve the speed of production and 
accuracy of the castings, only if 
proper records are kept and used. 

Records are of no value unless 
they are studied for trends, with the 
idea in mind of avoiding difficulties 
before they happen and by correlat- 
ing them with conditions that obtain 
in the foundry. The company with 
which the author is associated be- 
lieves also that there is a certain psy- 
chological advantage in the use of 
records from the sand preparation 
point to the final testing. As a re- 
sult, it has devised the test sheets 
shown in Figs. 6, 7 and 8. 

Figure 6 shows the form used to 
report the properties of the sand to 
mixer operators on mechanical sand 
systems. Figure 7 shows the form 
used to show the necessary additions 
to be made to sand on separate floors 
and those required for facings. Fig- 
ure 8 shows the complete record 
sheet which is kept on file for future 
reference and records all test data 
for a given day. 

It should be noted that on all 


sheets, sand toughness number 
(S.T.N.) is required and given, and 
that on the forms shown in Figs. 6 
and 8, deformation also must be 
recorded. These facts indicate the 
belief of the author’s company in the 
usefulness of deformation and sand 
toughness data. 

The writer believes that every de- 
fect relative to casting finish hinges 
on a better understanding of sand 
toughness and deformation qualities 
Sand toughness numbers can be the 
short-cut in sand control wher: 
plasticity and green compression 
strength are considered. Through 
the use of these numbers, once estab- 
lished, the true significance of con- 
trol can be greatly simplified. 
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Heat Treatment Study of 


Pearlitic Malleable Cast Iron 


By R. W. Lindsay, Assistant Professor of Metallurgy, 
The Pennsylvania State College, Pennsylvania 


and 


J. E. Atherton, Jr., Graduate, 
Department of Metallurgy, Pennsylvania State College, 
State College, Pa. 


* An investigation of certain phases of the heat treatment of pearlitic 
malleable cast iron—an attempt to show a correlation between the 
microstructures and hardness values obtained. Heat treatments—oil 
quenching followed by tempering, and isothermal transformation at 
various subcritical temperatures. 
leable cast iron responds to heat treatments similarly to steel. 


NE of the present interesting 
cast materials is so-called 
pearlitic malleable cast iron. 
This group of irons combine some of 
the more advantageous features of 
gray cast iron, particularly resistance 
to certain types of wear, with a def- 
inite ductility which is lacking in the 


latter. Various details of the proc- 
essing of such irons have been 
described in the ASTM Sympo- 


sium on Pearlitic Malleable Cast 


Tron? 


Briefly, the starting point in manu- 
facture is white cast iron of an 
analysis as will be indicated later. 
The structure of this raw material 
consists of pearlite and excess car- 
bide, and by suitable heat treatment 
this is converted into a structure con- 
sisting essentially of lamellar or 
spheroidized pearlite plus graphite, 
the latter being in nodular or tem- 
per carbon form. 


There are two possible methods 
of accomplishing this structural 
conversion : 


1. By arresting the first stage of 
the malleablizing process above the 
A, temperature at the point where 
the excess iron carbide has been 
converted into temper carbon, and 
then by subsequent manipulation 
producing the desired decomposition 
product of austenite, or less com- 
monly; 






Concluding that pearlitic mal- 


2. By malleableization 
to a structure of ferrite and temper 
carbon followed by reheating to 
such temperatures above A, that the 
austenite is caused to redissolve car- 
bon and again produce the desired 
matrix by suitable regulation of the 
decomposition of austenite. 

Admittedly there are various 
modifications of the possible meth- 
ods described, and for a description 
of such, as well as details regarding 
temperatures, times and _ process, 
attention is directed to the afore- 
mentioned symposium.* 


complete 


Since the structure of this mate- 
rial after malleableizing treatment 
consists of pearlite and nodular 
graphite, it is possible by heating 
to proper temperatures to convert 
this to a structure of austenite and 
nodular graphite. 

By suitable regulation of the sub- 
sequent cooling rate and cooling con- 
ditions of this latter structure, it is 
possible to produce any of the trans- 
formation products of austenite, in- 
cluding the acicular products known 
as bainites, which have received 
much attention in the heat treat- 
ment of steel in recent years. 

This investigation deals with two 
phases of the heat treatment of a 
typical pearlitic malleable iron. In 
one case the samples were subjected 
to a more or common heat 
treatment consisting of oil quench- 
ing followed by tempering at various 
subcritical temperatures for various 
lengths of time. 

The other heat treatment con- 
sisted of quenching samples to 
various subcritical temperatures be- 
low A, and holding at temperature 
to study the time of transformation 
of austenite and the hardness of the 
transformation product at various 
temperatures. 

Such heat treatment 
termed isothermal transformation 
(transformation at constant tem- 
perature). Microscopic examina- 
tions were made of the structures 
developed as a consequence of such 
isothermal transformations. 

Both of these heat treatments were 
in the nature of preliminary studies 
for possible future work involving 


less 


has been 





301 


Fig. |\—Microstructure of the iron as received from manufacturer. 


Nitel etch. 500X. 
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a comparison on pearlitic malleable 
iron of properties of quenched and 
tempered specimens with properties 
of isothermally transformed speci- 
mens of the same hardness. 


Review of Literature 

The investigations regarding the 
various phases of the heat treatment 
of steel have become so numerous 
that one can keep abreast of the 
developing and expanding picture 
best through the medium of the 
publications of various technical 
societies. 

In recent years, similar attention 
has been fixed upon gray cast iron. 
Studies similar to those presented 
in this paper have been reported by 
Cohen and Hilliker,? Dowdell and 
Nagler,’ Murphy and Wood,* and 
Flinn, Cohen and Chipman.’ A 
summary of these and other investi- 
gations upon the subject of the heat 
treatment of gray cast iron has been 
presented by Hafsten.® Bartholomew‘ 
has described a practical applica- 
tion of isothermal transformation 
heat treatment to alloyed gray cast 
iron machine parts. 

With specific reference to pearlitic 
malleable, Joseph® has _ discussed 
some of the phases of the heat treat- 
ment of this material in his many 
contributions to the subject. Cowan® 
has broached the subject of isother- 
mal transformation heat treatment 
of pearlitic malleable cast iron and 
has presented photomicrographs of 
some of the transformation products. 

In an interesting discussion of 
Cowan’s paper, Walker’® has sug- 
gested the use of isothermal trans- 
formation heat treatment as a 
means of accelerating spheroidiza- 
tion of pearlitic malleable, and has 
shown some results of such a heat 
treatment in the form of photomi- 
crographs and a so-called “S” curve. 

Experimental Technique 

The material used for this investi- 
gation was received from the manu- 
facturer in the form of tensile bars. 
The following analysis may be taken 
as typical of this iron: 


Element Per Cent 
Carbon 2.55-2.65 
Silicon 1.30-1.45 
Manganese 0.42-0.47 
Sulphur 0.11 
Phosphorus 0.055 


The microstructure in the iron as 
received and prior to any heat treat- 
ment by the authors is shown in 
Fig. 1. 

Samples used for the heat treat- 


Heat TREATMENT OF PEARLITIC MALLEABLI 


ment studies were cut from the ten- 
sile bars. All samples were cut to 


approximately the same thickness, 


namely, 0.15 in. The pieces used for 


the quench and temper runs were 
taken from the shoulders of the 
bars, and hence were 34-in. diam- 
eter, while those used for the iso- 


thermal transformation runs were 


taken from the gage length portions 
where the diameter was '/2 in. 
Preliminary trials indicated that 





Fig. 2—Martensitic structure in the iron re- 
sulting from an oil quench. Nital etch. 
1000X. 


the structure of austenite (plus 
nodular graphite), which is, of 
course, necessary for structural 
manipulation by subsequent adjust- 
ment of cooling rates and conditions, 
could be produced by holding the 
samples at a temperature of 1600° 
F. for 30 min. Consequently, this 
treatment constituted the first step 
in either of the two types of heat 
treatment. 

Such heating was conducted in 
an open muffle electric. furnace 
equipped with automatic tempera- 
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ture control. Precautions were taken 
to keep the samples off the floor of 
the muffle and to have the hot junc- 
tion of the controlling thermocouple 
in close proximity to the samples 
In all instances, the samples were 
introduced into the hot furnace 
already controlling at 1600° F. 
Quench and Temper Treatment- 

subjected to various 
tempering treatments were _ first 
quenched in oil from 1600° F. to 
ordinary or temperature 
Groups of such oil-quenched samples 


All samples 


room 


were then tempered at various tem- 
peratures, namely, 650, 750, 900, 
1000, 1100 and 1200° F. A different 
group of samples was employed for 
each tempering temperature. The 
tempering times at each temperature 
were 15, 30, 45, 60, 120 and 240 
minutes. 

Tempering of the quenched sam- 
ples was conducted in a bath of 
molten lead maintained at the de- 
sired temperature in each instance 

Isothermal Transformation Heat 
Treatment—The essence of this par- 
ticular heat treatment is to cause 
austenite to decompose directly at 
various subcritical temperatures (i.e., 
temperatures below A, in the iron- 
carbon diagram) to transformation 
products characteristic of these tem- 
peratures. 

Therefore, to accomplish this it is 
necessary that the sample be cooled 
from the austenitizing temperature 
to the subcritical temperature in 
question at such a rate that austenite 
will be the sole matrix constituent 
present originally in each and every 
sample brought to that particular 
subcritical temperature for study. 
Thus, it will be the decomposition 
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Fig. 3—Relationship of Rockwell C hardness to tempering time for each temper'ng 
temperature studied. 
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of austenite at which 
will be subjected to investigation. 


temperature 


Such requisites can be satisfied, 
as was done here by using relatively 
thin samples quenched from the 
austenitizing temperature into a bath 
of molten lead set to control at a 
specific temperature. In this way. 
condition could be 
below A,) 
temperatures by varying the tem- 
perature of the lead bath, and its 
transformation could be studied at 
these various temperatures. 


the austenitic 


undercooled to certain 


Isothermal transformations were 
followed in this investigation at tem- 
peratures of 1200, 1100, 1000, 900 
and 750° F. by the method to be 
described in a subsequent section. 
Quenching and Tempering Runs 
The of this part of the 
study are would be ex- 
pected. The samples as quenched in 
oil from 1600° F. possessed the 
matrix structure of martensite shown 


results 
much as 


in Fig. 2. The hardness of such a 
structure was consistently Rockwell 
C 60 (+1). 

This martensitic 
hardness is representative of the 
original condition of all oil-quenched 
samples subjected to tempering. The 
behavior of these quenched samples 


structure and 


upon tempering at various tempera- 
tures is shown in the form of curves 
relating Rockwell C hardness to time 
of tempering in Fig. 3. 


the hardness of the 
quenched structure decreased rap- 
idly in the first 15 min. and this 
was followed by further, more grad- 


temperature 


ual softening over the remainder of 
the tempering period. 

The well-known fact may also be 
noted from Fig. 3 that, the period of 
tempering being constant, the prod- 
ucts of tempering are softer as tem- 
pering temperature is increased. 
This is more readily apparent from 
Fig. 4, wherein the decrease of hard- 
ness with increase of tempering 
temperature is plotted for a constant 
tempering period of one hour at 
each temperature. 

This plot is 
straight line relationship over this 


approximately a 


range of temperature, namely, be- 
tween 650 and 1200° F. This change 
in hardness correlates with changes 
in microstructure, as shown in Fig. 5. 
It can be noted that there is a pro- 
gressive coalescence of the carbide 
with increase of tempering tempera- 
ture up to the point where the 
specimen tempered at 1200° F. 
shows a rather definite spheroidized 
structure. 

Runs 
used to follow the 


Isothermal Transformation 

The method 
progress of the decomposition of 
austenite at various subcritical 
temperatures was the microscopic 
method originally suggested by Bain 
and Davenport."* The necessary 
technique for bringing structures of 
austenite (plus nodular graphite) to 
the subcritical temperature in ques- 
tion was described earlier in the 
paper. 

Briefly, the microscopic method 
is conducted as follows: A batch of 
thin specimens is quenched from 
1600° F., in this into the 


case, 
















































































It is apparent that at each lead bath controlling at the desired 
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Fig. 5—Photomicrographs showing the struc- 

tures produced by tempering oil-quenched 

samples for !|-hr. periods at temperatures 

(top) 750° F., (center) 1000° F., and (bot- 
tom) 1200° F. All 1000X. 


Fig. 4 (Left)—Progressive decrease of 
Rockwell C hardness with increase of tem- 


1200 1300 _pering temperature. Samples were tempered 


for one hour in each instance. 
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Fig. 6—Semi-logarithmic plot showing approximate beginning and ending of isothermal 
transformation at various subcritical temperatures. 


temperature. Following a preselected 
time interval, one of the samples is 
removed from the bath and immedi- 
ately quenched to the ordinary tem- 
perature in water. The sample is 
then examined microscopically. 


It is known that austenite does 
not transform to martensite except 
at relatively low temperature (here 
in the water quench), and hence 
any martensite found in the micro- 
structure will represent areas that 
were austenitic prior to the water 
quench or at the time the sample 
was removed from the subcritical 
lead bath. On the other hand, any 
product of transformation of austen- 
ite, such as pearlite or bainite, will 
be unaffected by the water quench. 


This transformation product was 
present at the time the sample was 
removed from the lead bath and 
water quenched. Thus, if micro- 
scopic examination shows the sam- 
ple to be 100 per cent martensite 
after water quenching from the lead 
bath, this means that the structure 
was 100 per cent austenitic at the 
time of removal of the sample from 
the lead bath. In other words, at 
that subcritical temperature (the 


temperature of the lead bath) the 
transformation of austenite had not 
commenced by the time the sample 
was removed and water quenched. 


Any percentage of martensite less 
than 100 per cent in the microstruc- 
ture would indicate the transforma- 
tion of austenite in the lead bath 
to a lesser or greater degree. The 
amount of transformation can be 
estimated from the relative propor- 
tions of martensite and transforma- 
tion product in the ‘microstructure. 

It is obvious that the requisites 
of this method, or any method, for 
studying the subcritical decomposi- 
tion of austenite are: 

1. The use of thin samples which 
are rapidly transferred from the 
austenitizing temperature to the sub- 
critical temperature to insure that 
the sample as it initially comes to 
the latter temperature will rapidly 
attain that temperature as austenite. 

2. The rapid cooling of the sam- 
ple to ordinary temperatures once 
it is removed from the subcritical 


temperature being explored, so that 
the condition of the sample upon 
removal from this subcritical tem- 
perature is retained as much as pos- 
sible (excepting, of course, that 
change from austenite to martensite 
in the water quench cannot be 
avoided). 

Samples were quenched from 1600° 
F. to each of the subcritical trans- 
formation temperatures studied to 
determine the approximate begin- 
ning and ending of transformation 
at each temperature. In each in- 
stance, preliminary exploration was 
made at any temperature by quench- 
ing a group of samples into the lead 
bath and removing individual sam- 
ples after 1, 5, 10, 100 and 1,000 
seconds. 

Additional samples were then 
quenched to and held at these tem- 
peratures in order to determine the 
beginning and ending times as was 
indicated to be necessary from the 
preliminary group. 

The results of this stage of the 
investigation are summed up in Fig. 
6 and the table. The time for the 
approximate beginning and ending 
of transformation at each tempera- 
ture has been plotted (Fig. 6) in 
semi-logarithmic fashion and the 
results presented also in tabular 
fashion. 

Transformation Products 

The behavior of pearlitic malle- 
able iron in these isothermal trans- 
formation heat treatments is further 
portrayed by the use of photomicro- 
graphs. These are presented in 
Fig. 7. One photomicrograph of the 
transformation product typical of 
each temperature is given, and it is 
to be noted that in each case a 
partially transformed sample was 
selected to better illustrate the na- 
ture of the product. 

A consideration of these photo- 
micrographs will show that at 1200 
and 1100° F. the transformation 
product was pearlite, with that 
developed at 1200° F. being defi- 








Tasputar Data CONCERNING THE BEGINNING AND ENDING OF ISOTHERMAL 
TRANSFORMATION AT EACH TEMPERATURE STUDIED 
Approx. Time (Seconds) 


Transformation 
Temperature °F. To Begin 
750 17 
900 7 
1000 3’ 
1100 3 
1200 7 


for Transformation 


Rockwell C Hardness at 


To End End of Transformation 
250 36-37 
60 29-29 
35 38-42 
27 35-37 
30 32-32 











750° F.—100 sec. 





1100° F.—10 sec 


nitely more lamellar in appearance 
than that at 1100° F. 

The structures developed at 900 
and 750° F. are acicular or needle- 
like in appearance, the needles in 
the 900° F. sample appearing whit- 
ish and more coarse than those in 
the 750° F. sample, which etched 
dark. The sample transformed at 
1000° F. appears to consist prin- 
ipally of dark etching nodular 
pearlite, but a few traces of acicular 
product are evident. 

An interesting feature is evident 
when the hardnesses of the samples 
which were approximately com- 
pletely transformed are plotted 
against transformation temperature, 
as in Fig. 8. It is apparent that as 
transformation temperature is de- 
creased from 1200 to 1000° F., the 
hardness of the nodular pearlitic 
transformation product increased 
progressively, as might be expected 
from the increasing fineness of the 
transformation product. 

However, the acicular product 
formed by transformation at 900° F. 
was definitely softer, as indicated by 
the dip in the curve at this tempera- 
Further lowering of transfor- 


ture. 


R. W. Linpsay aAnp J. E. ATHERTON 


900° F.—30 sec. 





1200° F.—I5 sec. 


mation temperature to 750° F. 
caused the acicular product to be- 
come definitely harder again, compa- 
rable with the hardness of the 
pearlitic transformation at 1100 or 


1000° F. 


Similar behavior has been found 
in the isothermal transformations of 


gray cast iron by Murphy and 
Wood,.* as well as Hilliker and 
Cohen.? The latter investigators, by 


use of special etchants and x-ray 
analysis, attributed this hardness dip 
in the vicinity of 900° F. to the fact 





1000° F.—10 sec. 


Fig. 7— Photomicrographs illustrating the 

various structures developed by isothermal 

transformation at the indicated subcriticel 

temperatures. Samples only partially trans- 
formed. All 1000X. 


that the needles were ferritic in 
nature. 
The increased hardness of the 


acicular structure formed at still 
lower temperatures was attributed 
to precipitation of a fine dispersion 
of carbide in the ferrite needles, 
which then etch darkly. This is 
to some extent confirmed by the 
etching reaction of the acicular 
structures in Fig. 7, although the 
present authors made no attempt to 
further investigate this point. 

In summary, the following points 
are enumerated: 

1. At a given temperature of tem- 
pering, the hardness of a quenched, 
martensitic structure will decrease 
rapidly in the initial stages of tem- 
pering to be followed by a more 
gradual decrease as tempering time 
is lengthened. 

2. Increase in temperature em- 
ploying a constant period of temper- 
ing results in a decrease of hardness 
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Fig. 8—Variation of hardness of products of isothermal transformation at various sub- 


critical temperatures. 
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in almost linear fashion. This is 
related to increasing coalescence of 
the carbide particles in the tem- 
pered structure with increase of 
temperature. 

3. Isothermal transformation at 
temperatures from 1200° F. down to 
1000° F. results in a nodular type 
of pearlite, which increases in fine- 
ness as transformation temperature 
decreases. 

4. Isothermal transformation be- 
low 1000 F. 
products which have been com- 
monly referred to as bainites. The 
acicular product formed at 900° F. 
is softer than the nodular product 
formed at 1000° F. The hardness 
of these acicular products increased 
as transformation temperature was 
decreased to 750° F. 

5. Data obtained as to the begin- 
ning and ending of transformation 


produces acicular 


at the subcritical temperatures inves- 
tigated indicate that transformation 
is initiated most rapidly at tempera- 
tures in the vicinity of 1000 to 1100 
F. The time for beginning of trans- 
formation was between 2 and 5 
seconds, and the transformation 
product was mainly nodular pearlite. 

As a consequence of the present 
study, some interesting possibilities 
present themselves for further inves- 


tigation. It is suggested that a com- 


parison might be made of the prop- 
erties of pearlitic malleable cast iron 
after isothermal transformation at 
various subcritical temperatures. 
One important phase of such a 


Heat TREATMENT OF PEARLITIC MALLEABLE 


comparison would be to determinc, 
first of all, the maximum size of sec- 
tion which could be successfully 
transformed isothermally. A further 
extension would be to compare the 
properties of quenched and tempered 
structures with isothermally trans- 
formed structures of approximately 
the same hardness. 

Such investigations might lead 
to the development of rather 
unexpected properties and further 
applications of this material, as has 
proved to be the case in steel in 


certain instances. 
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STEEL CASTINGS 


Repair Methods 


By J. F. Cotton, Metallurgical Supervisor, 
Bethlehem Steel Co., Steelton, Pa. 


N understanding of the 

definition of the term “de- 

fect” should be a_ funda- 
mental prerequisite required of all 
those who shall attempt to condi- 
tion castings. A defect may be de- 
fined as the lack or absence of 
something essential or, in the foun- 
dry, as a discontinuity of metal that 
may have a harmful influence on 
the service of the casting. This 
discontinuity of metal may be due 
to cavities caused by gas or shrink- 
age: to included metallics such as 
chills and chaplets; to non-metallics 
such as sand and inclusions; to hot 
tears and cracks; or to combina- 
tions of these defects. 

It follows that these discontinui- 
ties may not be defects unless their 
presence can be said to have a 
harmful influence on the service of 
the casting. The determination as 
to whether or not a certain type of 
discontinuity is a defect does not 
fall within the scope of this paper. 


Determination Factors 

It should be mentioned, how- 
ever, that many factors must be 
taken into account in this determ- 
ination. Among these factors are 
the intended service of the casting 
and the direction and magnitude of 
the discontinuities in relation to the 
stresses involved during the service 
of the casting. 

Having determined that a cer- 
tain discontinuity is a defect, it is 
then presumed that its location in 
respect to the depth below the 
surface and its size have been deter- 
mined or estimated by visual inspec- 
tion, cold acid etching, magnetic 
particle inspection, radiography, 
drilling, or by other test methods. 
With this information available and 
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knowing the analysis of the casting, 
it becomes possible to consider the 
means of removing the defect. There 
are three principal methods for the 
removal of defects: chipping, grind- 
ing, and flame gouging. 


It is a fact that hardly two foun- 
dries will use a similar procedure 
for the removal of a similar defect, 
but most foundries will use these 
three methods to various extents. In 
general, the small alloy steel foun- 
dries tend toward grinding; the 
large carbon steel foundries to- 
ward flame gouging. The three 
methods and the advantages and 
disadvantages of each will be dis- 
cussed separately. 


Removal Methods 

Chip ping. The oldest, and prob- 
ably still the most generally used, 
method of removing defects is by 
chipping. It is usually accomplished 
by hand with a pneumatic ham- 
mer (Fig. 1), using either flat or 
gouge tools, depending upon, the 
type of defect. The principle ad- 
vantage of this method is in the re- 
moval of small defects. Small 
cracks and patches of surface sand 
and shrinkage may be rapidly re- 
moved. 

The principal disadvantage of 
this method is the increase in time 
required to remove large quantities 
of metal. Another disadvantage is 
sometimes present, particularly in 
the smaller castings, when the de- 
fect to be removed is inaccessible 
for proper use of the chipping ham- 
mer. 

Cracks may be followed by this 
method, provided that the crack is 
sufficiently near the center of the 
chip to cause it to split. Likewise, 
a crack may be closed by imprope: 
chipping so that its presence is dif- 
ficult to determine unless the ex- 
cavation is subjected to a magnetic 
particle inspection or ground 








@ Factors of casting service— 
character of the defect, as de- 
termined by the various test 
methods available—metal com- 
position—must be considered in 
selecting a method of defect 
removal. After suitable exami- 
nation to assure complete re- 
moval of the defect, it must be 
decided whether repair is neces- 
sary or desirable, and if so, the 
method to be employed. 


smooth in preparation for other 
methods of inspection. 

Due to the foregoing it is usu- 
ally required that all excavations be 
checked by some method to assure 
complete removai of the defect. 
Grinding is desirable if the excava- 
tion is to be checked visually by 
etching or by radiographing. If the 
magnetic particle inspection is used, 
a normally prepared area is gener- 


Fig. |—Removal of casting defect by 
use of chipping hammer. 
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ally satisfactory provided, of course, 
that the type of surface is satisfac- 
tory for later repair by welding. 
The difficulties of the chipping 
operation increase with the hard- 


ness and toughness. For this reason 
it is desirable that castings be heat 
treated by annealing prior to chip- 
ping. It follows that the removal 
of defects from high carbon and 
alloy castings may be quite difficult. 


Factors in Grinding 

Grinding. The removal of de- 
fects by grinding is used principally 
on high carbon and alloy steel cast- 
ings where chipping is not practic- 
able due to hardness or toughness, 
and in other castings where defects 
are small and access difficult by the 
other methods of removal. This 
method is not used for large de- 
fects, unless the analysis of the cast- 
ing prevents the use of one of the 
other methods. 

Its advantage lies principally with 
the surface finish that it produces. 
This surface may be readily checked 
by any mechanical method of in- 
spection. The disadvantage lies in 
the fact that it is the slowest method 
for the removal of defects, and that 
it is difficult to visually follow the 
defect during its removal. The pos- 
sibility of grinding checks in hard 
materials may also be termed as a 
disadvantage, as these checks may 
not be readily visible except by mag- 
netic particle inspection. 

Preheating. Preheating is required 
both before flame gouging and 
welding of castings containing over 
0.35 per cent of carbon, and for 


most alloy grades. Its use is also 
desirable in lower carbon grades to 
prevent the formation of cracks if 
shop or part temperatures are be- 
low normal, if manganese and sul- 
phur analysis are abnormal, or if 
repairs are to be made of large or 
intricate areas, particularly if the 
section is of over 34-in. thickness. 

The degree of preheat needed 
will be approximately the same both 
for flame gouging or welding. As 
there are numerous tables published 
with recommended preheating tem- 
peratures required for welding and 
a few for flame gouging, it is not 
felt that detailed instructions on this 
subject are necessary in this paper. 
Generally, a preheating temperature 
of 300° F. is required, which is 
maintained during welding and is 
followed by slow cooling. 


Stress Relief 

The purpose of preheating is to 
eliminate the possibility of cracking, 
and as the theory applies equally 
to flame gouging and welding its 
discussion is felt desirable. In the- 
ory, the surface of metal immedi- 
ately adjacent to the cutting torch 
or weld metal is first heated to a 
very high temperature. As the un- 
derlying metal is at lower temper- 
atures, it resists the same degree of 
expansion, resulting in the surface 
being upset. 

Subsequent cooling results in fail- 
ure due to the inability of the sur- 
face to withstand the high stresses 
involved when the underlying metal 
resists this contraction. This is par- 
ticularly true with metals having 
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Fig. 2—Preheating casting with gas torch 


low ductility, as the more ductile 
materials will elongate within them- 
selves to relieve or distribute the 
stresses occurring. 

Preheating may be accomplished 
by a number of different means, 
among which are preheating in fur- 
naces, either permanent or tem- 
porary, by heating torches of gas or 
oil (Fig. 2), or by electric strip 
heaters. The latter method is be- 
coming more popular, as heat may 
be controlled in its location and 
amount, the procedure gives no ob- 
jectionable fumes, leaves no residue, 
and reduces the fire hazard of open 
torches. It is particularly desirable 
when large and complicated cast- 
ings are involved, or when a casting 
is located within a final assembly. 

Flame Gouging. This is one of 
the most controversial subjects in 
the foundry. It is the most rapid 
method for the removal of defects. 
being variously estimated as being 
up to ten times as fast as chipping 
(Figs. 3 and 4). It is claimed that 
this rapid removal of cracks tends 
to drive them into the casting. 


Theory of Gouging 

Theoretically, while the gouging 
flame is impinging on the casting 
the surface metal is being heated 
and expanded, but the adjacent 
colder metal is resisting this expan- 
sion. Therefore, the crack is not 
apt to progress in heating. Upon 
cooling, however, it is subject to 
tensile stresses, and it is at this time 
that the crack will extend if it still 
exists, or will originate if metal 
weaknesses exist within the stressed 
area. 

It is, therefore, important that 
defects, which may act to increase 
the existing stresses, be entirely re- 
moved before the metal is allowed 
to cool. Apparently, no satisfactory 
method of proving whether or not 
these theoretical conditions are true 
is available. It is for this reason 
that this method will probably con- 
tinue to be controversial. 

Although any cutting torch may 
be used for the removal of defects, 
certain tips have been, developed 
for this type of work. These tips 
allow broad and smooth excavation; 
which do not require further chip- 
ping or grinding for welding. The 
tip will depend upon the type of 
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gas used. Oxyacetylene gas is usu- 
ally selected, but even city gas may 
be used, provided that oxygen is 
present for oxidizing the metal, this 
being the essential part of the goug- 
ing operation. 

For the flame gouging of steel 
castings of up to 0.35 per cent car- 
bon, preheating generally is not re- 
quired. For castings with carbon 
contents above this amount, and for 
alloy castings, it may be necessary 
to preheat. 

The advantage of flame gouging 
lies entirely in the speed of the oper- 
ation. It is also the author’s opinion 
that with experience it is the easiest 
method of following defects to as- 
sure complete removal. The fact 
that this experience is required is the 
chief disadvantage of the method. 


Selection of Operators 

Inexperienced operators may 
cause removal of considerable excess 
metal due to the speed of this oper- 
ation or, due to their inexperience, 
they may not remove sufficient 
metal to eliminate the defect. In 
the latter case the defect may be 
extended further into the casting 
and require an additional burning 
operation for its removal. Either of 
these errors may so increase the cost 
of repair that the advantages of 
flame gouging are entirely lost. 

If the gouging operation is prop- 
erly conducted the resulting excava- 
tion is satisfactory for any method 
of checking, including visual inspec- 
tion. The weld may be deposited 
on this surface satisfactorily. 

Carbon-Arc. Another method of 
removing defects is by the use of the 
carbon-arc. This method is consid- 
ered a variation of flame gouging, 
and is not generally used but con- 
fined to special cases. It differs from 
flame gouging in that the metal is 
removed by melting rather than by 
oxidation. Its chief advantage there- 
fore lies in the removal of defects 
from high alloys that are difficult tu 
oxidize. Generally, the high alloys 
of this type do not require pre- 
heating. 

This method is not recommended 
for the removal of defects from 
castings on which flame gouging 
may be used, as the latter method 
will furnish a satisfactory and much 
cleaner excavation more rapidly and 
with less possibility of further ex- 
tension of the defect. 


The Excavation. With the re- 


moval of the defect, two conditions 
are required of the excavation; (1) 
that the defect is entirely removed, 
and (2) that it is weldable. 

The soundness of the excavation 
is commonly assured by visual ex- 
amination, cold acid etching, or 
magnetic particle inspection (Fig. 
5). Other methods such as the 
whiting test and the fluorescent tests 
may be used, but are not generally 
employed. 

The chief disadvantages of the 
visual examination for assuring 
soundness is the ease with which 
tight cracks may be overlooked, par- 
ticularly on chipped or ground sur- 
faces which may tend to close the 
defect. 

Cold acid etching, as practiced 
with a 5 per cent nitric acid solu- 
tion in alcohol and an alcohol wash, 
will reveal defects principally by the 
seepage of a dark green solution 
from the defect to the clean, steel- 
gray surface resulting from the 
alcohol wash. The principal disad- 
vantage is that for very tight cracks 
the etching should be continued for 
one-half hour. However, for shrink- 
age and blowholes this method is 
particularly adaptable due to the 
speed with which the seepage from 
this type of defect will occur. 

Magnetic Particle Inspection 

Magnetic particle inspection of 
excavations is now generally recog- 
nized as the outstanding method for 
assurance of freedom from cracks 
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and directional defects, both surface 
and sub-surface. It is not particu- 
larly satisfactory for blowholes, et 
which do not have directional prop- 
erties. This inspection may be con- 
ducted by using from 400 to 800 
amperes D.C. applied through two 
prods placed 4 to 8 in. apart. 

The application of the prods 
should be made in at least two 
directions, 90 degrees apart. Dry 
powder, either red or black, may be 
used, and this is applied while the 
current is passing between the 
prods. In using this method care 
must be exercised to keep the volt- 
age low and the contacts good, so 
that arcing may be held to a mini- 
mum. Excessive arcing will caus¢ 
hard spots that may result in serious 
difficulties due to the development 
of cracks from these areas. A switch 
to break the circuit without draw- 
ing an arc is recommended. 


“All-over" Method 

The “all-over” method of mag- 
netic particle inspection, wherein 
considerably higher amperages are 
used with the contacts usually at the 
extremities of the casting, may hx 
employed in the checking of excava- 
tions or other intermediate testing 

However, it is not recommended 
to check excavations unless better 
penetration or less arcing due to 
fewer contacts is desired. For initial 
or final testing, or where the whole 
casting is to be inspected, it is high- 
ly recommended as it offers an ef- 





Fig. 3 (left) —Removing casting defect by flame gouging. Fig. 4 (right)—Another view 
of flame gouging operation. 
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fective method with great savings 
in inspection time. 

Welding. After the removal of 
the defect has been assured by a 
suitable means of examination, it 
becomes necessary to decide whether 
welding is necessary or desirable, 
and if so whether gas, electric or 
thermit welding should be used 
(Fig. 6). 

It is sometimes entirely unneces- 
sary to weld excavations, due to 
their size or location within the 
casting, particularly in machined 
castings where welding may cause 
warpage. In fact, in higher carbon 
and alloy castings which have been 
machined and cannot be properly 
stress annealed, it would probably 
be much wiser to avoid welding if 
it could be done without affecting 
the serviceability of the casting. 


Stress Development 

This statement is made as it is 
well known that cracks have devel- 
oped from stresses existing within 
the hardened area beneath a weld 
which has not been properly stress 
annealed. If it is decided to dis- 
pense with the welding operation, 
it must be borne in mind that the 
excavation must be free of all pos- 


sible stress concentrations. 

This means the removal by grind- 
ing of all valleys and ridges devel- 
oped in chipping, and of all thermal 
conditions and chemical conditions 
existing after flame gouging. It is 
also preferred that the excavation 


be proved by magnetic particle in- 
spection to verify complete removal 
of the defect and to assure absence 
of grinding checks. 

If it has been decided that weld- 
ing repair is necessary, a suitable 
method of fusion welding must be 
selected. It is not the purpose to 
discuss these methods in any great 
detail, as such a discussion would 
entail a considerable amount of 
space. 


Welding Methods 

The discussion which follows is 
limited to the general points of in- 
terest, as it is felt that all foundries 
have more or less established weld- 
ing procedures, but if further in- 
formation is desired reference to 
various publications including the 
Welding Handbook should be made. 

Gas Welding. This method has 
in general been superseded by elec- 
tric or arc welding, although its use 
may be advantageous in repair 
welding of small castings. The dis- 
advantage of this method of weld- 
ing in large castings is the difficulty 
and expense of maintaining suffi- 
cient heat in the vicinity of the weld 
and the resulting slowness of the 
operation. 

With small castings this disad- 
vantage may be of so little conse- 
quence that the better control and 
manipulation, of the gas torch may 
justify its selection: The oxyacety- 
lene flame is preferred in this type 
of welding, although the slower 





Fig. 5—Checking soundness of excavation by magnetic prod method. 
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oxygen-hydrogen flame may be 
used under certain conditions. 

Electric Welding. Electric or arc 
welding is the common method by 
which steel castings are repaired due 
to the fact that the arc furnishes a 
suitable source of heat which is 
effectively concentrated. There are 
several ways in which this type of 
welding is applied. These are by 
alternating or direct current, the 
latter by either straight or reversed 
polarity, and by either carbon or 
metallic electrodes. 


Magnetic Blowing 

The use of alternating current 
has as its particular advantage the 
elimination of magnetic blowing, 
which is caused by the return of the 
magnetic circuit in direct current 
welding, and in the lower cost of 
both equipment and maintenance. 
With suitable power available this 
method of repair welding should 
increase in popularity. It is particu- 
larly adaptable to deep and narrow 
repairs. 

Reversed polarity direct current is 
now the most popular method of re- 
pair welding and is adaptable to all 
repairs except where magnetic blow- 
ing is excessive. The quality of the 
deposited metal generally excels that 
of the straight polarity method 
Straight polarity is extensively used 
where specifications allow its use 
due to the ease of application. 

Carbon-arc welding has in gen- 
eral been replaced by the metalli: 
arc due to the quality of the de- 
posited metal. This method is fast 
when using large carbon electrodes, 
and is a very rapid method for de- 
positing metal, but the deposited 
metal is poor unless shielded, which 
is the principle of certain automatic 
processes. These processes are not 
adaptable to the repair welding of 
castings. 


Electrode Selection 

In each case the selection of the 
type of electrode used will depend 
upon the method and the material 
to be-welded. Hot electrodes, either 
by type or size, are to be discour- 
aged in the welding of enclosed cav- 
ities, due to increased stresses on 
restrained areas. The size of the 
electrode used depends upon the 
size of the repair or casting. Three- 
sixteenths and one-quarter in. elec- 
trodes are generally used. 

Thermit Welding. The use of 
































|. F. Corton 


thermit welding (Fig. 7) has been 
more or less confined to assemblies 
of large or intricate sections or to 
the repair of broken pieces. In 
these cases the weld deposit is un- 
restrained in that one or both ends 
ire free to contract during the cool- 
ing cycle. It is not common prac- 
tice to use this method to repair 
large excavations in which the de- 
posit is restrained by surrounding 
metal. 

However, it is practicable to use 
the method provided that the cast- 
ing is preheated throughout to a 
high temperature. The preheating 
temperature is extremely important 
and the casting should remain red 
at the welding face for several min- 
utes after removing the preheating 
torch. 

[hermit welding is faster than 
any other method of welding, and 
should be particularly advantageous 
in the repair of the larger excava- 
tions. Its disadvantage lies prin- 
cipally in the high preheating tem- 
peratures required. 

Special Practices. It sometimes 
becomes necessary to consider means 
for the excavating and repair of 
castings other than the usual ex- 
cavating by flame gouging, chipping 
or grinding followed by welding. 
This applies where the defect is of 
such an extent that excessive re- 
moval or extra long welding time 
is required. 


Welding Special Shapes 

In these cases the defective area 
may be cut out in its entirety, and 
a rolled plate, pipe or castings of 
equal or higher properties fitted to 
the area and welded into position 
by whatever means is applicable. 
For example, a plate cut to the size 
required could be inserted and 
welded, using the electric-arc meth- 
od, or a section of pipe might be 
attached by thermit welding. In the 
case of an intricate shape, a sepa- 
rate casting could be made and 
welded into position. 

In most cases of this type the 
area to be repaired is cut out and/or 
beveled by flame machining or cut- 
ting. It is desirable, if possible, that 
this machining be done with a 
mechanical set-up rather than by 
hand. 

Another specific casting repair 1s 
an edge or protruding part of the 
casting which failed to run, was 
porous, or otherwise in need of re- 








Fig. 6—Manipulator for casting repair welding. 


pair. In these cases, if the area is 
not too extensive, a plate is tack 
welded to the outside of the casting 
and the repair built up against this 
plate. This necessitates the removal 
of the plate and the completion of 
the weld by building up the initial 
deposit. 

Many other repair methods exist, 
but few of these remove the defect. 
Some of them are recognized as sat- 
isfactory under certain conditions; 
others are not. Among these meth- 
ods, drilling a defect and inserting 
either a welded or machined plug is 
common, as is also the method of 
closing porosity by sealing com- 
pounds either hydrostatically or by 
surface application. 

Shrinkage and Distortion. A ma- 
jor problem in the repair of castings 
is distortion caused by the shrinkage 
of the weld in cooling. This prob- 
lem can be solved, or the condition 
at least relieved, by the adoption of 
a suitable welding procedure. 


Shrinkage Compensation 


Peening or hammering the weld 
deposit to compensate for the 
shrinkage is. practiced quite gener- 
ally, but is difficult to control. 

Tack welding or jigs may some- 
times be employed to prevent dis- 
tortion, although these methods pro- 


mote additional residual stresses 
within the casting. 
Residual Stresses. All castings 


subject to welding repair have resid- 
ual stresses which, when excessive 


for any particular section, will cause 
distortion. 
tion indicates the mechanical relief 
of stresses which locally may exceed 


The presence of distor- 


the elastic limit. 

Preheating, technique, 
peening, overstressing, etc., may be 
designed to reduce stresses resulting 
from repairs, but the complete 
elimination of stresses is doubtful. 
This is the reason why stress anneal! 
or heat treatment is felt to be de- 
sirable after repairing. 

Section Welding 

A noteworthy example of welding 
technique to reduce residual stresses 
is the procedure for welding a long, 
narrow and deep excavation. In 
this case the excavation will be 
divided into sections and each 
welded separately. This practice 
eliminates the high stresses along a 
long and narrow weld deposit which 
is not thick enough to withstand 
them, and substitutes a method 
wherein a strong weld over-stresses 
the intermediate voids and assists in 
the reduction of residual stresses. 

Residual stresses are usually esti- 
mated, and this estimate is based 
on the relative depth of the weld 
deposit to the thickness of the sec- 
tion. In general, ratios of more 
than one to five indicate the need 
for further heat treatment. 

Heat Treating. The optimum in 
heat treatment of repaired castings 
would consist of a preliminary treat- 
ment or anneal prior to the removal 
of the defect, preheating prior to 


welding 
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and during welding, and subjection 
to final heat treatment after the 
completion of the repair. This pro- 
cedure is neither practicable nor 
economical in many cases, and the 
usual practice in most foundries is 
to complete heat treatment before 
repairing and to follow the repairs 
with a stress annealing treatment to 
remove stresses developed in the re- 
pairing cycle. 

This practice is generally recog- 
nized as being satisfactory and is 
usually specified. Size, shape and 
analysis of the casting, as well as 
the type of repair, should be con- 
sidered in the establishment of the 
treating cycle. 

Stress Annealing. The plastic 
strength of metal begins to be 


Fig. 7—Thermit welding of a large casting. 





affected at temperatures above 400° 
F., and any residual stresses in ex- 
cess of the maximum strength at 
that particular temperature will be 
relieved by the plastic upsetting of 
the metal. 


Stress relieving temperatures will 
depend upon the material and other 
conditions, but in general the de- 
sired temperatures are in the neigh- 
borhood of 1100° F. After holding 
at this temperature for a sufficient 
length of time, depending upon the 
section, it will be found that the 
residual stresses have been practi- 
cally eliminated. Longer holds at 
lower temperatures have also been 
found to be effective, although the 
higher temperatures are to be pre- 
ferred. 


Cooling from the stress annealing 
temperature is of particular impor- 
tance in the case of most castings, 
as different sized sections of the 
casting will cool at varying rates, 
resulting in the setting up of new 
residual stresses. 


Frequently, small repairs are not 
stress relieved, and hard spots will 
develop in machining either from 
the weld or adjacent metal in the 
case of high carbon or alloy cast- 
ings, or from arcing either in the 
magnetic particle inspection or from 
striking welding arcs away from the 
repair area. This condition can be 
eliminated by proper stress anneal. 


Rough Machining. This is not a 
repairing operation, but it is an 
operation which should definitely be 
taken into consideration in any re- 
pairs. If the casting is to be ma- 
chined, many surface imperfections 
will be removed by the roughing 
cuts and internal repairs will be 
made more readily accessible or re- 
duced in amount, so that wherever 
possible it is desirable to rough 
machine before repairing. 


Intermediate and Final Tests. 
During the welding of large excava- 
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tions it is sometimes desirable that 
tests be made to assure freedom 
from cracks, and it is frequently 
specified that each layer be mag- 
netically tested by the prod method 
in at least two directions. No other 
method of inspection is applicable 
at this point due to surface condi- 
tions and/or time of inspection. 


Upon completion of the repair, it 
is usually specified that the repaired 
areas be inspected. In some cases 
this refers to all repairs; in other 
cases to repairs which exceed a cer- 
tain proportion of the thickness of 
the section. 

Inspection should be made by 
radiographic means, either gamma 
or x-ray, depending upon the thick- 
ness of the section. This is the only 
method for the location of sub- 
surface welding defects such as po- 
rosity, slag inclusions, and poor 
fusion. 

Cracks in either the weld or base 
metal usually extend to the surface 
after the repair has cooled, and their 
identification by magnetic particle 
or other methods of inspection is 
not difficult. Final inspection of the 
casting should be made after all re- 
pairs and treatment have been com- 
pleted to assure a quality product. 

With the determination of the 
presence of any discontinuity, the 
work reverts back to the introduc- 
tion of this paper, which discusses 
whether or not a certain discontinu- 
ity is a defect. If it is interpreted 
as a defect, the procedure of repair 
is repeated until all repairs have 
been determined to be satisfactory 
for the purpose intended. 
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Industrial Status of 


PRECISION CASTINGS 


OR some reason it seems that 
every time a new process is 
discovered its advantages and 

possible applications are greatly ex- 
aggerated until it is fairly well along 
in development. Precision casting is 
no exception to this rule. 

Precision casting or investment 
casting, according to some people, is 
a new process which will, in the near 
future, undoubtedly make all foun- 
dries and machine shops obsolete. 
This is, of course, basically untrue 
since precision casting at the mo- 
ment applies only to a relatively 
limited field and is most emphatical- 
ly not a cure-all. 

Some of the confusion apparently 
has arisen from what appears to be 
rather loose use of the words “in- 
vestment casting” and “precision 
casting.” To get a little closer to bed- 
rock, the author proposes, at least as 
a starting point, some definition of 
just what these terms mean. 


Investment Casting 

The word “investment,” in addi- 
tion to involving those mysterious 
and profound transactions which will 
undoubtedly make our fortunes, also 
means covering or enrobing, and it 
is the custom of the dentist or 
jeweler to refer to a one-piece cera- 
mic mold as an investment, since it 
completely covers the pattern and 
has no line of separation, i.e., no 
cope and drag. 

Investment casting, therefore, 
should be defined as a metal-casting 
process employing an expendable 
pattern in conjunction with an un- 
parted or one-piece mold. Precision 
casting is a refinement of investment 
casting wherein through certain 
techniques the resultant metal cast- 
ing is held to tolerances not exceed- 


Fig. |—Example of Sixteenth Century cast- 


ing by the investment molding procen. 
(Courtesy Art Institute, Chicago) 





By Capt. W. A. Morey, 
Chicago Ordnance District, 
Chicago 


@ Sixteenth Century art castings and Twentieth Cen- 
tury gun parts produced by the same basic process. 
Developments in the precision casting process have 
made possible volume production of small, intricate 
parts allowing almost unlimited choice of materials. 
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Fig. 2—N olding (left) and assembly (right) of the expendable pattern. 


ing plus or minus five thousandths of 
an inch and having a surface finish 
at least “CF” or better. These defini- 
tions are admittedly open to consid- 
erable criticism and improvement, 
but they help to clear up some of 
the existing confusion. 

Investment casting and, to a cer- 
tain extent, precision casting, is one 
of the very old brand-new arts. Ac- 
tually, Cellini in the Italian Renais- 
sance period used investment casting 
to produce several of his art objects, 
such as “Perseus with the head of 
Medusa” (Fig 1). Since it was used 
for statuary, it must have had a cer- 
tain amount of precision, although 
probably not as close as we would 
demand today. 

It is doubtful that the process ever 
completely disappeared, and it is cer- 
tain that for some time past it has 
been employed by both dentists and 
jewelers, particularly the former, to 
form low-melting-point metals into 
precise but irregular shapes. 

Prior to the war, certain of the 
dental technicians had been working 
with the casting of non-ferrous alloys, 
such as Co-Cr-Mo alloy, and had 
been able to cast this material suc- 
cessfully into precision shapes re- 
quired in dentistry. 

Since Co-Cr-Mo alloy has a melt- 
ing point of slightly over 2400° F., it 
was obvious that the process was get- 


ting out of the lower-melting-point 
phase and approaching steel-casting 
temperatures. Although the process 
itself will be covered in greater de- 
tail later in the paper, a brief review 
of the general procedure in making 
investment castings is in order at this 
point. 


Forming the Pattern 

The first step is to accurately form 
the pattern of some material, such 
as wax, plastic or low-melting-point 
alloy, which can be melted or burned 
completely out of the mold and hav- 
ing no residue (Fig. 2). All three 
types of patterns are in use today, 
wax being the most popular at the 
moment. 

These patterns are then attached 
to sprues, runners, and a button or 
entrance gate and coated by dipping 
or spraying with a primary invest- 
ment (Fig. 3), which normally con- 
sists of a finely divided sand with a 
binder and other materials. Other 
processes do not employ a primary 
investment, as will be seen later. 

When the primary investment has 
set, the pattern is attached with the 
entrance gate downward to a metal 
or rubber plate, and a container, 
usually of stainless steel, telescoped 
over the pattern. An investment ma- 
terial is then poured into the con- 
tainer (Fig. 4) and _ thoroughly 
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tamped to settle the investment ma- 
terial closely around the pattern. 

This investment material consists 
of a ceramic aggregate, usually sand 
and/or grog, together with a binder 
having good refractory characteris- 
tics, such as tetraethy] orthosilicate, 
which upon ignition forms a network 
of SiO, binding the grains together. 
After tamping this material is al- 
lowed to dry for varying periods of 
time, depending upon the technique 
employed, and is then placed in an 
oven or steam bath which melts out 
or vaporizes the pattern. 


Heating the Mold 

Since the next step is to heat the 
mold to temperatures in excess of a 
1000° F., the product will be a cera- 
mic mold without any parting line 
and having a perfectly formed cavity 
which was formerly occupied by the 
expendable pattern. The molds are 
placed in a casting machine while 
hot and molten metal of the proper 
temperature is forced into the cavity 
under some type of pressure, this 
pressure being generated by air (Fig. 
5), by centrifugal force or, in the 
case of ordinary investment casting, 
by static head only. 

The metal is allowed to solidify 
under pressure, permitted to cool 
and subsequently the ceramic mold 
is broken away from the casting. The 
castings are then cut from the sprues, 
visually inspected, sand blasted, 
cleaned, x-rayed, etc. If properly 
cast, substantially no machining 
other than removal of the sprue is 
necessary. 

The impetus given to this process 
by the war has been enormous. It is 
believed that the Air Corps was the 
first of the Armed Services to be- 
come interested in the process due 
to the urgent need for large quanti- 
ties of turbosupercharger blades, 
which must be made of heat-resistant 
alloys difficult if not impossible to 
machine. 

Much credit is due to companies 
which worked on this process and 
solved its problems over the trying 
years we have seen. Suffice it to say, 
however, that the production is go- 
ing forward on a large scale and is 
meeting our needs at costs which im- 
mediately prior to the war were con- 
sidered practically impossible. 

The Ordnance Department hav- 
ing somewhat similar problems was 
also greatly interested in precision 
casting, but its requirements natur- 
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ally differed from those of the Air 
Corps. Ordnance was interested pri- 
marily in the casting of many differ- 
ent intricate parts from SAE and NE 
alloys, which proved to be the most 
difficult of ail to cast. 

The non-ferrous alloys appeared 
to be non-corrosive to the molds em- 
cloyed and fairly easy to cast, but 
the SAE steels, including the high- 
and low-carbon steels are highly 
corrosive and very difficult to handle. 
However, by careful control of the 
materials, times, temperatures and 
pressures employed, Ordnance was 
able to obtain from various suppliers 
certain steel parts for testing. 

At first the test results were erratic 
because of lack of adequate control 
in the casting process, but as these 
problems were more clearly under- 
stood control improved and with it 
the consistency of results. 

A little over a year ago, it was felt 
that the process had progressed far 
enough to warrant comprehensive 
tests on certain small, intricate parts 
needed by Ordnance. At that time 
it appeared that the vendors were 
able, within reason, to produce cast- 
ings of 4140 and other similar alloys 
on a production basis to tolerances of 
the order of three thousandths of an 
inch and having an “f” finish. 

Although there had been previous 
test work conducted on various parts 
for cannon breeches, the carbine was 
selected for test purposes since it was 
perhaps better adapted to precision 
casting and made in quantities suff- 
ciently large to give an overall pic- 
ture. The results of these tests were 
quite surprising. 

Most of us are familiar with the 





Fig. 3 (below)—Applying primary investment by spray method. 
Fig. 4 (right)—Pouring investment slurry around pattern. 


carbine and realize that many of the 
parts are quite highly stressed. Cer- 
tain of the parts in the carbine, such 
as the extractor, hammer, sear and 
trigger. were selected for test. and 
5,000 sets of 
were cast and assembled into com- 


approximately parts 
plete weapons. Approximately 3,700 
carbines were issued to troops for 
field trial. After firing about a quar- 
ter of a million rounds in these car- 
bines, total damages occurring were 
three broken extractors. 
Testing Carbine Parts 

Some difficulty was experienced in 
keeping track of the test 
collected and 


results, 
so these guns 
shipped to 
plants for further test. 
the test results proved to be excellent 


were 
various arsenals and 


Here again 


and, in many cases, exceeded the life 
expectancy of machined parts. 

One of the armories testing these 
carbines reported that they had fired 
12,000 rounds in one, 6,000 in two 
others and 4,000 in another without 
any malfunctions, cracks, or break- 
ages occurring in any of the cast 
parts. The only difficulties encoun- 
tered were that certain of the parts 
appeared to be susceptible to pre- 
mature failure at temperatures of 
— 40° F., and this was probably due 
to improper chemical control during 
the casting process. 

One of the firms manufacturing 
carbines fired 65 of them, the quanti- 
ties varying from 6,000 to 34,000 
rounds. Since the extractors are the 
most critical and highly stressed 
parts, most of the test concentrated 
on these. All triggers, hammers, and 
sears functioned correctly and showed 

























Fig. 5—Air pressure casting machine. 


only normal wear after firing 17,000 
to 34,000 rounds each, and no fail- 
ure is expected in the remainder of 
the test firing. 


In the case of extractors, 18 have 
17,000 rounds of firing. 
seven going to 20,000, three to 
26,000 and one to 34,000 rounds. 
Only eight extractors had to be re 
placed at under 6,000 rounds, and 


withstood 


of these three failed due to improper 
dimensions which, of course, should 
have been discovered at the source 

Since these tests appeared to be 
satisfactory, a check is being mad 
for use in forming various machine 
These tests are still in 
but at this moment it ap- 


gun parts. 
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pears that the results will be equally 
satisfactory if not more so. 


Status of Precision Casting 

This brings us up to the status of 
precision casting today. As previ- 
ously mentioned, the Army Air 
Corps is using this process to pro- 
duce substantially all of its super- 
charger buckets, and is at least con- 
sidering the production of similar 
parts, some of which are substan- 
tially larger. The ability of the proc- 
ess to supply the demand proves that 
it at least warrants classification as 
a production process, and not as a 
mere laboratory or pilot line curio. 

Although the process should still 
be classified as an art and not as a 
science, because technique plays a 
large part in its successful operation, 
we believe that it is safe to state 
that practically any common metal 
which can be melted can be preci- 
sion cast if its melting point is below 
3000° F. 

This, of course, opens up several 
interesting possibilities, particularly 
during the war, since it permits of 
the use of stainless steel in places 
where it would not ordinarily be 
employed due to difficulty in ma- 
chining. By the same token, ex- 
tremely hard alloys which would not 
have been used previously may now 
be employed in spots where great 
wear is encountered and so attain 
greater durability. 

Another interesting development 
of this process is the ability to form 
magnetic materials with a high de- 
gree of precision and still retain 
excellent magnetic properties. This 
has been successfully accomplished 
and will undoubtedly play an impor- 
tant part in the design of future 
electrical components. 


Casting Finishes 

The finish possible to obtain today 
probably, should be classified as an 
“f” finish or better, and this can be 
obtained in production. Finishes as 
fine as 3 microns have been obtained, 
and 65-micron finishes are currently 
obtainable on a production basis. 

The process is gradually progress- 
ing from the batch process used by 
dentists and jewelers to the continu- 
ous straight-line technique which is 
necessary to large production. The 
production process possesses at least 
one great advantage over the dental 
process in that shrinkage may be cor- 
rected by correction of the pattern 
size, which is, of course, not the case 





in dental work where the cast pieces 
must replace exactly the dimensions 
of the pattern. 

As would be expected, many indi- 
viduals and companies have entered 
this field, and these include the usual 
assortment of good, bad, and indif- 
ferent. Considerable care should be 
exercised in selecting the vendor. 
The mere fact that he can submit 
one good sample does not necessarily 
mean anything. It is the reproduci- 
bility of the process that counts. 


Process Control 

Perhaps the most important single 
requirement today is the matter of 
control as applied to every step of the 
procedure, as well as the materials 
entering into it. Without control re- 
producible results could not be ob- 
tained, but with control reproduci- 
bility is exceptionally high, in many 
instances exceeding the reproduci- 
bility normally obtainable by ma- 
chining (Fig. 6). 

The physical properties of such 
castings are exceptionally good when 
properly cast under controlled condi- 
tions. While there are not yet suffi- 
cient data available to make any 
positive statements about physical 
properties, it appears that in most 
instances the tensile strengths and 
yield points will be comparable to 
bar stock of the same composition. 


Castings of SAE 4130 steel can 
be made to yield tensile strengths of 
from 90,000 to 145,000 psi., depend- 
ing upon the heat treatment, and 
will have a reduction of area from 
as low as 5 to as high as 35 per cent. 
This could be compared with 4130 
bar steel having a tensile strength 
of 135,000 psi. with an elongation 
of 22 per cent. In general, it should 
be assumed that the elongation and 
reduction of area will be lower and 
perhaps 60 per cent of that obtain- 
able in bar stock. 


Metallurgical Control 

Metallurgy is not yet under satis- 
factory control in all cases. The in- 
vestment is a good insulator, which 
results in slow cooling and, as would 
be expected, this results in a normal 
dendritic structure which can be 
corrected by standard heat treat- 
ment. The grain size remains fairly 
large, sometimes as high as three. To 
at least some degree this can be cor- 
rected by casting in a cooler mold, if 
permitted by the contour and size 
of the piece, and by breaking the 
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casting out of the mold as soon as 
possible after pouring. 

Development of a more highly 
heat conductive mold would be very 
beneficial in this respect. When the 
density is high, as should be the case 
with good control, the cast parts 
exhibit an unusually high resistance 
to wear, perhaps due to the moder- 
ate chilling effect of the mold on 
the skin of the casting. 

The existence of porosity varies 
with the supplier, but where good 
control is exercised rejects for poros- 
ity will be less than one per cent, 
based on 100 per cent x-ray inspec- 
tion. Chemistry is under fairly good 
control and is attained usually by 
the melting of bar stock or similar 
scrap of known chemistry and mak- 
ing the proper additions for correc- 
tion of heating loss. 

Aluminum is normally used to 
deoxidize steel melts and is some- 
times present in relatively large 
quantities. However, this is not ob- 
jectionable in all instances and could 
probably be corrected if the necessity 
arose. 

Dimension Tolerances 

Dimensions are finally coming 
under close control, and at least one 
firm is today able to produce steel 
parts having tolerances of a thou- 
sandth of an inch to the inch or 
better in most instances. This toler- 
ance control, of course, varies with 
the difficulty of casting the part and 
with the time devoted to the study 
of proper spruing, temperatures, etc. 
Close tolerances (Fig. 7) should not 
be required if not needed, as this 
increases rejects and costs. 

When properly employed the proc- 
ess shows great possibilities in cost 
reduction. For example, figures de- 
veloped by one of the arsenals for 
castings which cannot be termed 
precision castings but which are 
more truly investment castings de- 
signed simply to supply the machines 
with more closely formed parts for 
machining are shown in the table. 
It will be noticed that the cost re- 
duction of certain of the parts is 
quite remarkable. 

The Armed Forces as yet have not 
issued any blanket approvai of this 
method, nor could they reasonably 
be expected to do so since the results 
obtained vary with the maker of the 
casting, but they have approved the 
use of this process for the manufac- 
ture of certain specific items under 
special controlled conditions involv- 
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Fig. 6—Illustrating degree of precision gen- 
erally available by precision casting in 
ferrous metals. 


ing a high order of inspection. It 
appears to be a foregone conclusion 
that this will increase. 

The cost of the process is still 
quite high and, while it varies 
within wide limits, a figure of 10 to 
15 cents per ounce is not too far out 
of line for a rough estimation. This 
high cost is due not only to the cur- 
rent lack of mechanization of the 
process but to the high cost of the 
materials involved. 


Costs in Precision Casting 
Reclamation of pattern material 
is not always practical, and some loss 
of material is involved in every cost. 
In addition, the sands and binders 
are quite expensive. Skilled labor, 
fortunately, is not generally required 
for the process, and semi-skilled or 
unskilled labor can be quickly trained 
to perform the necessary operations. 
Since spruing is very critical, both 
as to size and position, it is not 
always possible to stack the patterns 
in the most economical manner. This 
often means that only a small per- 
centage of the metal cast yoes into 
finished castings, and the amount of 
metal per Ib. of sand is small. All of 
these factors contribute to the seem- 
ingly high cost. 

The present equipment used in 
the process is, as will be seen later, 
still in its development stage, and a 
great many of the problems now 


present in the industry will disappear 
as the equipment is improved. 

Since the process is still more of 
an art than a science, rejections will 
sometimes run quite high and are so 
variable that it is difficult to strike 
an average. One plant has reported 
a variation as low as 8 and as high 
as 80 per cent, while others figure 
40 per cent as an average. 

This may not present a true pic- 
ture, however, since the inspection 
involved in these cases has been ex- 
ceptionally high and the tolerances 
very close. A figure of 15 per cent 
would be as good an average as 
could be obtained today. These state- 
ments are deliberately quite vague 
since it is extremely difficult to ob- 
tain a clear picture of the status of 
this industry today due to the neces- 
sity for secrecy and the patent work 
which is always present in a new 
and growing field. 

The process today, for practical 
purposes, is limited to smaller cast- 
ings of the order of 34-lb. or less. On 
the other hand, many larger castings 
have been made experimentally and 
could be produced commercially to- 
day if there were sufficient economic 
advantage. 


Properties of Precision Castings 

A word of caution, but this time 
on the credit side. If the physical 
properties of precision cast parts do 
not happen to be equivalent to the 
physical properties of bar stock 
which has been previously used in 
making the part, it should not be 
immediately assumed that the proc- 
ess is not suitable for making the 
part. 

In many instances, the existence 
of a quality in the metal, such as 
tensile strength or elongatien, actu- 
ally may be immaterial in the func- 
tioning of the article. The real way 
to test is to cast the part and try it 
in comparison to its normal method 
of production. A true picture of 
value can be obtained in this way. 
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With regard to the future of the 
process, the writer would like to 
make a prediction. The prediction 
is that this process will probably be 
quite generally misapplied at first, 
and it is again emphasized that it 
should not be regarded as a cure-all 
When properly applied it will cure 
a number of production headaches 
but, at least initially, its use should 
be confined to fields wherein it is 
obviously well adapted. At the mo- 
ment, these fields can be fairly well 
defined in a general way 

This process is obviously excellent 
for the formation of relatively small 
parts made of unmachinable mate- 
rials. Furthermore, it is quite well 
adapted to the manufacture of 
small, intricate parts where labor 
represents a large percentage of the 
total cost. Either of these factors, 
alone or in combination, would indi- 
cate that serious consideration should 
be given to precision casting 


Casting Design 
It should always be kept in mind 
that the skill of the various people 
in the poor 
initial tests from one group do not 


business varies, and 
necessarily mean that the job cannot 
or should not be done, for another 
group may have the “know-how” 
required to make the job a success 

Before this process makes a seri- 
ous impression on American indus- 
try, the author believes it essential 
that at least the existence of this 
process and its limitations get back 
to the designers who actually lay out 
the pieces. This is important for 
many reasons. 

First of all, it gives the designer 
substantially complete freedom in his 
choice of materials. Second, he can 
combine in some instances several 
parts which were previously made as 
individual units for purposes of ma- 
chining and form them into one 
unit. This is particularly important 
since the patterns can be assembled 
by means of suitable jigs and fix- 








CoMPARATIVE Costs OF MACHINING AND PRECISION CASTING 


Cost of-—— — 
a Operations 
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ee 


Conventional 
Precision Cau 


Machining Precision on Frecinon 

Part Methods Casting Castings Part (finished 
A $ 3.79 $1.05 $1.13 $2.18 
B 6.50 1.00 2.16 3.16 
Cc 4.97 0.75 1.35 2.10 
D 4.66 0.45 1.09 1.54 
E 11.90 1.60 2.09 3.69 
F 10.76 1.32 2.64 3.96 
G 2.30 0.65 1.11 1.76 
H 14.27 2.00 7.56 9.56 
I 7.35 1.84 1.49 3.33 
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Fig. 7—Precision cast gun parts in as-cast condition. Close tolerances reduce subse- 
quent machining costs. 


tures into complex shapes after 
forming individually and the assem- 
bly cast as a unit. 

It is important that the designer 
recognize that this is a casting proc- 
ess and, wherever possible, he should 
use good casting design, particularly 
in the incorporation of fillets, since 
sharp corners are always a source of 
potential weakness in an investment. 
Webbing may be employed to lessen 
weight, which would not be prac- 
tical in ordinary design for machin- 
ing. 

He should not attempt, however, 
to design parts for precision casting 
which could be designed just as 
easily for use with automatic screw 
machines, punch presses or similar 
machines, since precision casting 
cannot compete on a cost basis. 


Inventory Reduction 

In addition to the possibility of 
substantially reducing machining cost 
and obtaining a better product, there 
is the interesting possibility of curing 
an inventory problem. For example, 
if we have an item or items which 
could be precision cast and for 
which we have a relatively large 
but sporadic demand, it is quite pos- 
sible, in place of carrying a large 
stock of the product, to store only 





the die necessary to form the pat- 
terns. 

The die being available, patterns 
can be supplied and casts made in 
a relatively short time, on the order 
of 10 days, which in normal times 
is sufficient to fill a good-sized order. 
Once this process is started the pro- 
duction per day with a relatively 
small setup is quite large and can be 
built up rapidly. 

Still another factor in its favor is 
the speed with which parts can be 
obtained. Rather than waiting for 
the construction or removal from 
storage of jigs and fixtures, tearing 
down machines, etc., it would be 
necessary only to produce the pat- 
terns and cast the parts, a matter of 
a week or so, which does not disrupt 
either casting shop or machines. 

Precision casting is not an indus- 
try into which anyone can move and 
do his own casting. Willingness to 
go through the research and develop- 
ment necessary to perfect the tech- 
nique is necessary for success. 

The effect of this process on vari- 
ous industries will naturally vary in 
almost direct proportion to the type 
of problems in the industry and the 
applicability of the process to these 
problems. 


PRECISION CASTINGS 


As for the process itself, granting 
that it is to assume an important 
place in the production picture, it is 
obvious that it must develop into a 
science and become highly mecha- 
nized with full control of all essential! 
parts. With other improvements, 
such as hollow patterns, this will re- 
sult in lower costs. 

It is reasonably certain that a 
high order of accuracy and good 
physical properties can and will be 
obtainable wherever necessary, but 
that customers will soon realize that 
there is no object in paying for high 
precision unless it is really needed. 
The costs of castings will be propor- 
tional to the precision required, since 
the tolerances fundamentally contro! 
both inspection costs and rejections. 

The author believes that there is 
little doubt that as the process ac- 
cumulates more experience larger 
pieces will be cast, and that this 
eventually may provide a limited 
form of competition to some of the 
smaller articles normally cast in 
foundries. It is quite probable that 
1945 will see the commercial pro- 
duction of 2.5 Ib. precision castings, 
and that within 5 years precision 
castings weighing 10 Ib. will be avail- 
able. 

Considerable doubt exists that the 
process will ever be applicable to 
large pieces of the type ordinarily 
handled in the average foundry, at 
least insofar as precision casting is 
concerned. However, this is not be- 
yond the bounds of possibility and, 
as developments progress, may be- 
come more feasible than it now 


appears. 
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* A method for controlling sands by elevated temperature tests is 
being used by the author's company. Securing a good base sand and 


using the hot compressive strength test at 2000° F. forms the basis 
for the preparation and maintenance of a sand mixture suitable to 
any specific job. The balanced base sand is chosen from the results 
of “spall” tests, after which hot compressive strength values lying 
within a definite range are maintained in the ensuing sand mixture 
by means of clay manipulation. Use of this method results in reduc- 
tion of scrap losses due to scabs and sand inclusions. 


Elevated 


Temperature Tests in 


SAND 


CONTROL 


By Arnold Satz, Metallurgist, 
The National Radiator Co., New Castle, Pa. 


HILE elevated temperature 

work with foundry sands has 
had a start within the industry, it 
has only recently crossed thresholds 
into the realm of practical sand con- 
trol. The elevated temperature test- 
ing furnace has proved invaluable in 
revealing certain aspects of sand be- 
havior at high temperatures. But 
still greater benefit may be expected 
as the device is applied to the con- 
trol of daily sand preparation and 
reduction of scrap losses. 

A practical method for elimina- 
tion of scabs and sand inclusions in 
castings, as used by the author’s 
company, will be described in suc- 
ceeding pages. 


Two Phases of Testing 


Before a new sand becomes ac- 
ceptable for application as the base 
material in sand mixtures for a spe- 
cific job, its ability to withstand any 
hardship may be determined by 
studying the characteristic behavior 
of the material at elevated tempera- 
tures. Once this ability is ascer- 
tained, the second phase of testing 
with the elevated temperature fur- 
nace, maintaining a specific balance 
in the mixture, would give uni- 
formly satisfactory casting results. 
This is accomplished by means of 
routine testing and adjustments. 


Refractoriness, admittedly a very 
important quality in good sands, 
may be roughly determined in the 


elevated temperature testing fur- 
nace. Although this method is not 
nearly as sensitive as the present 
common procedure where a speci- 
men is tested with a sintering meter, 
it offers a rapid check and an easy 
basis for comparison when choosing 
from among different new sands or 
mixtures. 


Briefly, the adhesion of sand 
grains to one another after the speci- 
men is subjected to a temperature of 
2500° F. for 12 min. is the basis for 
judging refractoriness. Some sam- 
ples of sand have been found to be 
hard, others could be crushed in the 
hand, after being submitted to this 
test. With intermediate degrees of 
incipient fusion being shown by 
scratch tests, the method does pre- 
sent a means for comparing sands 
or mixtures. 


Besides being refractory in nature, 
the sand under consideration must 
resist spalling or cracking at elevated 
temperatures. In this determina- 
tion, a green sand specimen is in- 
serted into the elevated temperature 
testing furnace heated to 2500° F. 
Inspection is made after 2 min. to 
determine whether cracking occurred 
on expansion, and after 12 min. to 
observe whether spalling resulted 
due to both expansion and contrac- 
tion. This test requires the use of 
two different specimens, one for each 
observation. 

Nearly every foundryman is ac- 
quainted with Dietert’s’ example of 





a scab-forming sand. He has intro 


duced the assumption that during the 
contraction cycle, a thin layer of 
sand buckles out into the molten 
metal filling the mold cavity. Where 
metal is able to slip behind the 
buckled sand a scab is formed, with 
the common metal-sand-metal sand- 
wich effect resulting. 

Scabs most commonly occur on 
flat sand surfaces, which readily act 
in the manner described. In a round 
section or one of uneven surface, any 
sand buckling would not readily pro- 
duce a perfect bridge. It seems 
logical to assume that in this case 
a “peeling” of the outer sand skin 
would present a weak projection 
easily eroded by a moving stream of 
iron, and that sand particles would 
be carried into the mold cavity. In 
this way, a sand wrongly applied 
would give scabs to some castings, 
and impart dirt inclusions to those 
castings which were not readily apt 
to scab. 


Cracking and Spalling 

The elevated temperature testing 
furnace may either underestimate or 
overemphasize the seriousness of 
cracks and spalling in a specimen. 
A close sand used in radiation mold- 
ing spalled badly in the testing fur- 
nace. Specimens were seen with 
bridged outer skin, or skin rolled 
back in the fashion of an orange 
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peel. Yet for light radiation work 
this sand gave only dirt-bearing cast- 
ings, because a high hot strength 
was never developed in the sands on 
pouring. Sands used for heavy boiler 
work were similarly tested and found 
to have minor cracks; these sections 
bore scabs. 

In correcting both sands, serious 
spalling in test specimens of the first 
was cut to a cracking state and dirt 
losses were reduced. When cracks 
were eliminated from boiler sand 
test specimens, scabs became fewer. 


Balanced Sand Mixture 

This behavior of sand specimens 
calls for careful analysis of any con- 
dition of cracking or spalling indi- 
cated by this test. The extent to 
which a sand specimen may crack 
before trouble can be expected with 
castings should be established by 
close relation of test and casting re- 
sults. 

By a balanced sand mixture, the 
writer means one that has a fairly 
narrow grain-size distribution and is 
intensively mixed. Such a sand mix- 
ture would react uniformly under all 
stresses imposed by hot iron. 

Summarizing, the author and his 
associates find it important to have 
a well-balanced new sand and, there- 
fore, use this measure of sand con- 
trol. It is made certain that the new 
sand in use or about to be adopted 
will behave correctly in the furnace 
for elevated temperature testing. 
The testing temperature chosen is 
closely related to the casting size, 
and to the tendency of the sand mix- 
ture to scab or to yield sand inclu- 
sions. ; 

Previous to the use of sand testing, 
foundrymen determined the value of 
the sand by “cut-and-try” methods, 
finally settling on the method giving 
good results most of the time. New 
methods permit of picking the best 
sand, and then exacting consistently 
good results by means of laboratory 
control. 


Furnace for Control Purposes 

Once a balanced sand of desirable 
qualities is in use, a method of con- 
trol is necessary to maintain these 
properties. The method outlined 
here has been in use for over a year, 
is easy to apply and the results have 
been gratifying. 

In addition to the “spall” tests, 
three other principal sand tests are 
possible when using an elevated tem- 


perature testing furnace. These are 
the expansion-contraction test, the 
hot deformation test, and the hot 
compressive strength test. 

Throughout this paper, all refer- 
ence io hot strength tests will imply 
the hot compressive strength test as 
opposed to other hot strength tests 
which may be in use or may be in- 
troduced later. 

The importance of expansion and 
contraction in foundry sands has 
been emphasized by Dietert' and 
others. In applying results of ele- 
vated temperature tests in a practi- 
cal way, however, this particular test 
leaves much to be desired. When 
the control method was first set up, 
it became clear that while expan- 
sion-contraction tests offered an in- 
sight into a sand’s behavior, the test 
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that any other properties which ar« 
required of a good sand mixture bx 
sacrified. 


Fields of Application 


This laboratory has found that the 
use of hot strength tests in maintain 
ing the same desirable properties i: 
sands is a method applicable to the 
control of all moldings sands. The 
greatest benefits are secured for a 
continuous molding and sand system 
where constant testing with adjust- 
ment at the mixer is possible. For 
floor molding and special jobs, the 
method likewise is used in adjusting 
the properties of the sand so as to 
obtain results required for any spe- 
cific type of work. 


This method has been applied in 


control of sand mixtures used in 
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Fig. |—Hot strength ranges for two types of castings. A—Castings having tendency 
toward scab formation. B—Castings not tending toward scab formation. 
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figures were not correlative with 
either scrap losses due to scabs or to 
sand inclusions. That it is difficult 
to change the expansion-contraction 
characteristics of the sand mixture is 
another reason for discarding this 
test. 

Hot deformation, as a test, fell 
into disuse since, like the expansion- 
contraction test, it indicated beha- 
vior without showing a means for 
correcting adverse conditions. Be- 
sides, this test still lacks the accuracy 
essential in sand-control work. 


Differing from the two foregoing 
tests is the hot strength determina- 
tion. This type of test was found to 
be positively related to scab losses 
and losses due to sand-bearing cast- 
ings. Use of this test for control is 
relatively easy and does not demand 
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skin-dried molding, and is more 
rapid than the tests using elevated 
temperature testing furnace speci- 
mens, the latter specimens being first 
oven dried. 


Hot Strength in Use 

Every casting made requires a 
hot strength which falls within a 
certain range of values. Below the 
minimum acceptable hot strength 
value in the range, the sand will be 
cut or washed and the castings will 
contain dirt inclusions. On exceed- 
ing the maximum point in the range. 
castings bearing scabs along with 
dirt, or scab-free castings with only 
sand inclusions will result. 

This last condition depends on 
the casting shape and indicates a 
condition explained previously 
Throughout the acceptable or suit 


able range of values, castings will be 


scab and dirt free. A diagramati: 
representation of this phenomenor 
is presented in Fig. 1. 

A number of factors influence th: 
hot strength values lying within ar 
acceptable range. These include 
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green permeability, grain size, and 
method of gating. 

To most foundrymen, permeabili- 
ty indicates the ease with which a 
sand vents mold-formed gases. Just 
as important, perhaps, is the func- 
tion of permeability in venting heat. 
Observations made on sands at ele- 
vated temperatures have led us to 
believe that almost all defects result- 
ing from a sand are due to the sand’s 
behavior when heated rapidly by the 
pouring of hot metal. 


Value of Permeability 
A sand that spalls at 2500° F. may 
react satisfactorily at 2000° F. In 
another sense, the greater the ease 
of dissipating heat, the less will sand 
tend to form scabs. This function of 
permeability tends to broaden the 


differ only because of a difference 
in grain size. Assume that good re- 
sults are obtained with one of the 
mixtures having a hot strength of 80 
psi. The second mixture, because of 
a coarser base grain, has a hot 
strength of 50 psi. but is to be used 
in broadening the range of accept- 
able hot strength values by its effect 
on permeability. 

Since good results were obtained 
with the finer sand when the hot 
strength was 80 psi., the technician 
might think it advisable to add clay 
in order to raise the hot strength of 
50 psi. in the coarser sand to the 
80-psi. value of the finer sand. Scabs 
would no doubt result from this 
action, since consideration should 
have been given a lowering of the 
test results when the grain size was 
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Fig. 2—Effect of grain size on hot strength range. A—Fine grained sand. B—Coarse 
grained sand. 








range of hot strength values giving 
good casting results, and lessens the 
need for close control of moisture 
and clay content. Specifically, if 
good castings result when hot 
strength values range from 50 to 60 
psi. at a permeability of 70, the 
range may extend from 45 to 65 psi. 
with an increase to 100 in permea- 
bility. 

Many defects are guarded against 
when sands of very high permeabil- 
ity are used. However, modern 
practice demands closer attention to 
surface finish and imposes a restric- 
tion on the maximum permeability 
which can be maintained. 


Although to the foundryman sand 
grain size and permeability are 
closely related, each requires differ- 
ent consideration in high tempera- 
ture testing for hot strength. Dietert 
and Woodliff? have shown that hot 


strength changes with grain size. 


Consider two sand mixtures hav- 
ing the same make-up with the ex- 
ception that one has a finer base 
sand than the other. The hot strength 


values of these two mixtures will 


changed. Changes of this sort re- 
quire the establishment of an entirely 
new range of acceptable values. 

Figure 2 represents this condition, 
showing that both sands could give 
good castings if used properly. 

The example cited indicates that 
changes in size of sand grains affect 
the results indicated and that con- 
sideration must be given such factors 
as grain-size changes when interpret- 
ing test results. 

Like consideration must be given 
any deviation from the temper 
moisture content in a test sample 
when determining the need for a 
change in clay additions. 


Methods of Gating 

One way of correcting scab forma- 
tion and dirt inclusion lies in chang- 
ing the method of gating. The 
hardship imposed on a sand by poor 
gating has the effect of limiting the 
range of acceptable hot strength 
values. Where conditions do not 


permit changes in a poorly gated 
casting, the burden of obtaining 
good castings is forced onto exacting 
sand control as a means of remain- 
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ing within the acceptable hot 


strength range. 


Collapsed Range 

With an understanding of how 
the various factors tend to limit or 
to extend the range of acceptable 
hot strength values which give good 
casting results, it is possible to con- 
sider what 
scabs and cutting are found as de- 


happens when both 
fects on the same casting. The sand 
mixture giving this condition may be 
considered to possess no suitable hot 
strength range at all; that is, the 
range is collapsed since the particu- 
lar mixture will not give good re- 
sults no matter to what hot strength 
it is adjusted. 

A lower hot strength attained in 
eliminating scabs would give a sand 
that might wash easily. A higher 
hot strength, achieved in order to 
eliminate wash, would give a sand 
producing scabs. A good example of 
this would be the use of a very fine 
sand for large castings. There is not 
much that can be done in making 
this sand work right. 

The solution to a collapsed hot 
strength range lies in making one or 
more of the following changes: 

1. Change base or new sand so 
as to get a well-balanced mixture 
which will not spall. 

2. Switch to a higher permea- 
bility by use of a coarser grained 
sand. This will spread the accept- 
able hot strength range. Permea- 
bility may be increased just 
enough to provide a range suffi- 
ciently wide for easy control and 
inclusion of a safety factor, but 
not so much that poor finish 
results. 

3. Change the method of gat- 
ing so as to eliminate concentra- 
tion of stresses on areas giving 
trouble. 

These corrective measures prob- 
ably are not new, but the method of 
determining where the source of 
trouble lies might be. We have 
found that testing at elevated tem- 
peratures is a positive means for 
telling when a sand does not suit 
conditions imposed upon it, for indi- 
cating what changes are needed and 
the extent of the required changes. 


Testing and Controlling Sand 
Once a satisfactory base sand is in 
use, only the hot strength test is run 
for control work. The 1'% x 2-in. 
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specimen, double-end rammed, is 
placed in the elevated temperature 
testing furnace without first being 
dried. All hot strength tests are run 
at 2000° F. without regard for pour- 
ing temperature. It has been found 
that hot strength test results can be 
correlated with casting results though 
almost any testing temperature above 
1500° F. is used. 


Application of Data 


At 2000° F., so far as our experi- 
ence goes, test results appear in a 
spread of values that permit easy 
application of data. This fact im- 
plies that results are sensitive enough 
to clearly indicate the effect of 
changes in moisture and/or clay 
content. In addition, values ob- 
tained at this temperature are not 
seriously affected by inaccuracies in 
the elevated temperature testing fur- 
nace, as those tests are run at much 
higher temperatures. The range of 
acceptable hot strength values at 
2500° F. may be 1 or 2 psi., while 
at 2000° F. this range may be 10 to 
20 psi. 

All test specimens are compressed 
after a 4-min. recovery period plus 
& min. “at temperature” period. The 
hand-cranked hydraulic system is 
turned at the rate of 12 r.p.m. This 
rate was arrived at since it was 
found that a uniform motion could 
be maintained with the aid of a stop 
clock. Half revolutions of the crank 
correspond with 2% and 5-second 
points of the sweep second hand. In 
this way, three operators at the 
author’s plant are able to check each 
other closely. 

Should test results indicate a hot 
strength other than that specified 
for a given job and sand condition, 
corrective measures are taken imme- 
diately. Three types of clay bonds 
are used in getting a desired condi- 
tion—a western bentonite, a fireclay, 
and a southern bentonite. The pro- 
cedure of effecting the changes out- 
lined by Dunbeck®* closely resembles 
that followed by this laboratory. 


Clay Bond Additions 


In reducing a high hot strength, 
new bond-free sand is added, with 
southern bentonite being used in 
quantities sufficient to maintain the 
required green strength. For increas- 
ing hot strength, the western benton- 
ite is used, while intermediate values 
are obtained with the fireclay. 


The foregoing procedure is fol- 
lowed with both facing and backing 
sands whenever a change is needed. 

Naturally-bonded sands used for 
re-bonding “floor” sand mixtures 
function as hot strength raisers and, 
while the quantities added can be 
adjusted to correspond with require- 
ments as indicated by test, the ease 
of control is not equal to that pos- 
sible when using a synthetic sand 
and clay additions. 

In all cases, control is kept fluid, 
with correct hot strength values the 
goal for any change made. 


The moisture content is kept at 
temper, but there may be cases 
where the moisture content is so 
high that it causes too great an in- 
crease in the hot strength. Where 
this occurs, southern bentonite may 
be substituted for western bentonite, 
or a mixture of new, unbonded sand, 
with southern bentonite for rebond- 
ing, may be used. 


Moisture Content 
A system for evaluating the effects 
of various bonds on the hot strength 
characteristics of sand mixtures has 
been set up. As an example, each 
quart of western bentonite added to 
1200 lb. of facing mixture increases 
the hot strength (at 2000°F.) by 
about 9 psi. Cutting the hot strength 
of system (old) sand used in facing 
preparation is accomplished by add- 

ing a new, unbonded sand. 


When the facing contains 25 per 
cent of new, unbonded sand, a re- 
duction of 20 psi. is expected in the 
hot strength of the mixture. It is 
assumed that southern bentonite 
does not increase the hot strength by 
any significant amount. Thus this 
material may be used in maintaining 
proper green strength without affect- 
ing the hot strength. 

Moisture is very effective in rais- 
ing the hot strength of sands. In 
this fact lies the importance of close 
moisture control, if scabs are to be 
eliminated. Every attempt is made 
at keeping the moisture only at tem- 
per, but steps are taken to maintain 
a range of hot strength values suffi- 
ciently wide so that normal increases 
in moisture throughout the day will 
not cause hot strength values which 
might soar into the trouble zone. 

Whereas these values would not 
exactly apply in other foundries, 
similar evaluations could be set up. 
Of importance is the fact that condi- 
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tions are maintained whereby 
changes may be made to compen- 
sate for any variation in the rate of 
“burning out” clay, or the rate of 
adding new sands to a system. Thus 
the elevated temperature testing fur- 
nace assumes the role of indicating 
needed changes, which can be made 
as conditions require and before dif- 
ficulty is encountered. 


Conditions relative to setting up 
the most suitable hot strength range 
have been considered. It has been 
found advantageous to inspect cast- 
ings closely as soon as possible after 
shake-out to ascertain that the 
proper range is in use. Should scabs 
be found when sands are held in 
what is thought to be the proper 
range, and it is known that no “wet” 
streak of sand had been encoun- 
tered, the maximum point of the 
range is lowered. Excepting under 
abnormal conditions, however, the 
sands have been found to change in 
gradual swings. 


A reason has been established and 
is presented showing why the hot 
strength is considered the important 
factor in scab and sand-dirt control. 


As stated previously, expansion 
and contraction in sands at pouring 
temperature are the conditions 
thought to cause sand spall, with re- 
sulting scabs or dirty castings. 


Sand Embrittlement 

It appears as though a sand be- 
comes more brittie as the hot 
strength increases. Much as a brittle 
metal resists deformation, sand will 
not react to heat uniformly but will 
“give” even though hot shrinkage 
be of a magnitude so small as to be 
labelled satisfactory by an elevated 
temperature testing furnace expan- 
sion-contraction test. Thus, embrit- 
tlement decreases a sand’s ductility 
at pouring temperatures. 


That dirt inclusions due to a low 
hot strength result from a wash 
effect is a generally accepted fact. 


To more clearly tie in hot strength 
with scab formation, one has only 
to consider what action was taken 
in the foundry with which the 
author is associated before introduc- 
tion of this method. Generally, when 
scabs were found, first attention was 
given to moisture content. Since 
water is the most potent substance 
for increasing hot strengths, a reduc- 
tion in hot strength accompanied 
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any cutting of the moisture content. 

In cases where it was known that 
temper was not exceeded, another 
means of reducing hot strength* (re- 
duced ramming) was tried. Another 
way of lowering scab occurrence was 
found to be in effecting a reduction 
in green strength. This also meant 
cutting the hot strength by reducing 
clay additions. 

Permeability often was increased 
as a solution to scab problems. Al- 
though not a means for reducing 
hot strength, it did extend the hot 
strength range so that were scabs to 
appear at a given value, the new 
permeability would extend the range 
and the given value then would be 
lower than the maximum allowable 
hot strength for defect-free castings. 


Summary 


Summarizing, casting losses due to 
scabs and dirt inclusions were re- 
duced by adhering to the following 
procedure: 


1. Choosing new base sands on 
the basis of spall tests. 


2. Maintaining a hot strength 
range which will give good cast- 
ings by correlating test results with 
casting results. 


3. Maintaining desired hot 
strength value in the sand by con- 
tinuous changes in clay additions 
when the need for such changes is 
indicated by test results. 


4. Adjusting the hot strength 


ho 


range when necessary by changes 


in the sand grain size 
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COLORIMETRIC DETERMINATION 


of 


Nickel and Chromium 
In a Combined Form of Analysis 


* Progress in metallurgy and engineerin 


indicates that postwar 


composition and physical property specifications for castings will 


be more exacting. 


he development of an economical, reliable, and 


flexible method for routine control analysis of straight carbon and 
alloyed steels, and irons, enables foundrymen to meet ay Neon 


both as to total amounts of alloying elements and limits 
elements present as residual alloys. 


or various 


By Winfield B. Sobers, 


Development and Control Laboratories, Chain Belt Co.., 


Milwaukee 


NE of the problems of the 
() metal industry today, and 
during the postwar years, 
will be to conserve critical alloying 
elements in variable amounts, as 
found in high and low alloy steel and 
cast iron products as return scrap. 
Also, to have adequate control of 
the chemical composition and result- 
ing physical effects (hardenability, 
weldability, forgability, machinabil- 
ity, carburization, structural proper- 
ties, etc.) of residual or tramp alloys 
that may be present in the molten 
metal, solid castings, ingots or fin- 
ished metal products. 


Technical control (chemical and 
physical), adequate inspection, and 
properly written specifications will 
play a leading part in the buying of 
quality castings and metal products 
in the postwar era. This responsi- 
bility will fall on up-to-date purchas- 
ing departments where personnel has 
been developed and trained to ob- 
tain, under written specifications, the 
most value for the employer’s dollar. 

For the foregoing reasons, the 
author feels that the combined form 
of analysis, originally developed in 
Chain Belt Co. Metallurgical Lab- 





oratory, in conjunction with colori- 
metric determinations, offers a more 
economical, accurate, rapid, reli- 
able, reproducible and flexible 
method for routine control analysis 
of straight carbon and commercial 
alloy steels, and irons, than is offered 
by the older conventional methods. 


The following method for nickel is 
a modification of the Murray and 
Ashley colorimetric determination.°® 
The method of Murray and Ashley 
has been used with some success, 
although it has certain undesirable 
characteristics due to the change in 
color developed after the addition 
of dimethylglyoxime. 

This effect is more pronounced, 
and the results are less reproducible, 
where amounts of less than 0.50 per 
cent nickel are involved. Since one 
of the problems of the metal indus- 
try will be to conserve critical 
elements in variable amounts as 
residual alloys, it is apparent that a 
rapid satisfactory method for nickel 
would be very desirable. 

From experience, the author has 
found the following modified method 
as worked out in this laboratory to 
be readily reproducible, and to be 


particularly suitable for routine an- 
alysis when applied in conjunction 
with the combined method of analy- 
sis as previously outlined.” * 


Due credit should be given to 
G. R. Makepeace and C. H. Craft, 
Menasco Mfg. Co., Burbank, Calif, 
for recommending the use of sodium 
hydroxide to stabilize the wine red 
color.* This has been improved 
upon by separating the iron with an 
emulsion of zinc oxide, thereby elimi- 
nating the interference of iron, espe- 
cially on small amounts of nickel. 


In other words, the nickel glyox 
ime color is developed on a colorless 
or water-white solution and any 
color that does develop after the 
addition of dimethylglyoxime is due 
entirely to the presence of nickel 
without interference of iron. An 
outline of how the colorimetric 
method for nickel and chromium is 
applied in conjunction with the com- 
bined method follows: 


Treat a one-gram sample with 5 
ml. of dilute nitric acid (1-1) and 
20 ml. of perchloric acid (70-72 per 
cent). (If chromium is not desired, 
use 10 ml. of perchloric acid to dis- 
solve the master sample.) Take to 
short of dryness (do not bake) as 
previously outlined,’ with the excep- 
tion that 1 ml. of perchloric acid is 
added from a burette, in place of 
nitric acid, to dissolve the soluble 
salts? After filtering and washing 
into a 100 ml. volumetric flask, dilute 
to mark and mix. 

Silicon—Finish as previously out- 
lined.’ 

Manganese—Pipette out 20 ml., fin- 
ish as previously outlined.’ 

Molybdenum—Pipette out 10 ml. 
finish by the colorimetric method. 
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Phosphorus—Pipette 5 or 10 ml., fin- 
ish by the colorimetric method.’ 


Revised Nickel Determination 


Pipette out 10 ml. of solution from 
the 100 ml. volumetric flask and 
transfer to a 200 ml. volumetric 
flask, dilute to mark and mix with 
water at approximately 100° F. 

1 ml. = 0.0005 grams). 
90 ml. (0.0250 grams) of this solu- 
tion to a 100 ml. Barrett separatory 
funnel (Figs. 1 and 2). Add 2 ml. 
of zinc oxide solution and shake 
vigorously to precipitate the iron, 
dilute to 100 ml. Allow precipitate 
to settle for 3 or 4 min. and draw 
off the bottom 50 ml., which will 
include the precipitate of iron hy- 
droxide. 

The remaining 50 ml. is trans- 
ferred to a 100 ml. volumetric flask. 

A 100 ml. volumetric flask may be 
used in place of the 100 ml. Barrett 
separatory funnel. After separating 
the iron, filter 50 ml. into a 50 ml. 
volumetric flask, the 50 ml. of iron 
free solution is transferred to a 100 
ml. volumetric flask and finished as 
outlined. ) 


Standard Solutions 
lhe following reagents (see Table 
are added in the order given, mix- 
ing after each addition: 3 ml. of 10 
per cent tartaric acid solution, 5 ml. 
of saturated bromine water, 10 ml. 
of concentrated, ammonium hydrox- 
ide, 3 ml. of one per cent dimethyl- 
glyoxime solution, 5 ml. of bromine 


Transfer 








Fig. 2—Quantitative colorimetric solution as prepared for the determination of nickel 


phosphorous, chromium and molybdenum. 


Table is especially constructed, with dull 


green background and milk glass top, to give visual contrasts of various colored solutions 


water. After one or 2 min., add 10 
ml. of 5 per cent sodium hydroxide 
solution and dilute to mark 
water and mix. After 10 min., check 
at 475 mu wave length, using dis- 
tilled water in the 
(Fig. 3). 

The red color is stable, with no 
appreciable change after setting for 
a period of several days. This is not 
true for nickel contents of less than 
0.10 per cent, and they should be 
checked within the first hour 


with 


reference cell 


For nickel contents of less than 
0.10 per cent, use 5 ml. of solution 
direct from the 100 ml. master solu- 
tion and add 3 ml. of zinc oxide 
solution in place of 2 ml. Finish 
as outlined and divide results by 
two (2). 

For each additional 1.00 per cent 
nickel present, add an additional 


Fig. |—Showing (at left) the six 100 ml. Barrett separatory funnels and support, as used 
for the separation of iron from nickel. 





100 ml. of water to the colored solu 


tion. For example, for approximatels 
yh) 


9.00 per cent nickel, transfer t 
flask and dilute to 
mark and mix, multiply results by 


ml. volumetri« 
five (5) to convert to percentage ol 
nickel 

It may be of interest to note that 
this method for nickel may be ap 


plied to non-ferrous metals and 


alloys 
Determination of Chromium 
\ Chambe rs 


Laboratory 


Louis Singer and W 
ji ; Naval Research 
Washington, D. C., have 
the perchloric acid oxidation method 


applied 
for the direct colorimetric determi 
nation of chromium in. steel.’ 
Although the method has been in 
use for several years, Singer and 
Chambers are the first, to the 
author’s knowledge, to apply it as 
a direct quantitative color method 

The basis of the method lies in 
the fact that 
which is itself 


the color of the dichromate ion The 


ferric perchlorate 
colorless, intensific 


method is not subject to inter 


ference by the usual alloying ele 
ments. However, large amounts ol 
alloying elements may produce ap 
preciable error 

After having withdrawn aliquot 
manganese, phos- 
phorus, nickel, 
the remaining master solution is used 


for the determinatior 


proportions for 
molybdenum and 


of chromium 


Analytical Procedure If chro 
mium content is less than 0.10 per 
cent, do not dilute the remaining 
oxidized chromium solution in the 
100 ml. volumetric flask. Transfer 
25 ml. of this oxidized chromium 
solution to a small beaker and re- 
duce with one drop of reducing 


solution (0.0100 grams Use this 
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reduced chromium solution in place 
of water in the reference cell. Com- 
pare at 455 mu wave length and 
apply curve C (Fig. 4). 

If chromium content is from 0.10 
to 1.00 per cent, adjust the remain- 
ing oxidized chromium solution in 
the 100 ml. volumetric flask to 50 
ml., dilute to 100 ml. and mix. 
Transfer 25 ml. of this oxidized 
chromium solution to a small beaker 
and reduce with five (5) drops of 
reducing solution (0.0500 grams). 
Compare at 455 mu wave length 
and apply curve A (Fig. 5). 

Above 1.00 per cent to 2.40 per 
cent chromium, reduce 25 ml. of the 
oxidized solution with 10 drops 
(0.1000 grams) of reducing solu- 
tion, compare at 490 mu_ wave 
length and apply curve B (Fig. 5). 

For chromium above 1.00 per 
cent, one may dilute approximately 
every 0.70 per cent chromium pres- 
ent with an additional 100 ml. of 
water, compare at 455 mu _ wave 
length and multiply by correction 
factor to convert to percentage of 
chromium. 


Percentage of Error 


Samples having a chromium con- 
tent of between 0.10 and 0.30 per 
cent may use the remaining oxidized 
solution without diluting. Apply 
curve A (Fig. 5) and divide the 
results by two (2) to convert to 
percentage of chromium. 

Due to contamination of the 
dichromate ion with silicic acid, an 
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Fig. 3—Nickel in steel colorimetric determination. 


ae oes 
Hee 


Sample, 0.0125 grams diluted to 


100 ml. Wave length, 475 mu. 


appreciable error may be expected 
if the silicon content is in excess of 
1.00 per cent and the normal graphs 
are applied. However, for cast irons 
and steels containing higher silicon 
contents, supplementary graphs may 
be plotted against suitable standards 
of known silicon and chromium 
content. 

The author would not recommend 
the method for irons containing 
approximately 2.00 per cent silicon 
and having less than 0.20 per cent 
chromium. One may expect the 
chromium percentage error to in- 
crease as the percentage of silicon 
increases and the peréentage of chro- 
mium decreases. 


An additional precaution is the 





100 grams . 
1000 ml. 


100 grams . 
1000 ml. 


454 grams . 
2000 ml. 


100 grams . 
1000 ml. 


50 grams . 
1000 ml. 


5 grams . 
24 mi. 


1 ml. 


solution each week. 





STANDARD SOLUTIONS* 
Zinc Oxide 


ate om 

Bromine ries 
a 
eeu Hydroxide 


Reducing Solution (Cr) 


*Transfer solution to a suitable dropping bottle so that 20 or will approximately equal 
1.0 ml., or be equivalent to 0.2000 ant a the salt (1 drop equals 0.0 


‘ Zinc Oxide 
‘ Water 


Tartaric Acid 
Water 


Bromine 
Water (approx.) 


Dimethylglyoxime 
Alcohol 


Sodium Hydroxide 
Water 


Ferrous Ammonium 
Sulphate 
Water 

.  Perchloric Acid 


100 grams). Make fresh 








amount of free perchloric acid pres- 
ent; for this reason we take the 
initial or master sample to short of 
dryness (do not bake) and redissolve 
the soluble salts with 1.0 m'‘. of 
perchloric acid added from a burette 
in order to have the acidity under 
control for the various determina- 
tions to follow. 

For example, if 5 ml. of per- 
chloric acid is used in place of one 
ml., low chromium values will re- 
sult. Temperature of the final solu- 
tion should be adjusted to within a 
few degrees of room temperature. 

Singer and Chambers‘ add fer- 
rous ammonium sulfate crystals 
(about 10 to 20 mg.) as a reducing 
agent. The author has found it 
necessary to have this reducing solu- 
tion under closer control; this is 
especially true for amounts of chro- 
mium less than 0.10 per cent. It is 
also a means to establish a more 
relative constant factor for a given 
solution in the reference cell. 


Conclusions 

Since colorimetric determinations 
require only a small amount of 
sample, it is evident that, by apply- 
ing the combined method of analysis, 
a more representative sample is ob- 
tained by taking aliquot amounts 
from a large initial weighing of the 
sample, diluted to its proper volume, 
than can be obtained by direct 
weighing a few milligrams of sample. 

It is also evident that an appreci- 
able saving in chemicals results, 
since several determinations may be 
made from aliquot proportions from 
the master solution. Also, it is not 
necessary to use chemicals to dis- 
solve individual samples for various 
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Fig. 4—Chromium in steel colorimetric determination. 
100 ml., 25 ml. reduced with 0.01/00 grams of ferrous ammonium sulphate. 





PER CENT CHROMIUM 


One-gram sample diluted to 
Wave 


length, 455 mu. 


determinations, as required by the 
older conventional direct methods. 


Calibration and analysis should 
be made under exactly the same 
conditions, using standards of near 
like composition. The values may 
be determined from a smooth curve 


as readily as from a straight line. 
The curve should be plotted in the 
wave length range in which the 
greatest change in transmission oc- 
curs with a change in concentration 
of the substance. 


Should the highest degree of ac- 





Fig. 5—Chromium in steel colorimetric determination. 
Curve A, 25 ml. reduced with 0.0500 grams of ferrous ammonium sulphate. 
Curve B, 25 ml. reduced with 0.1000 grams of ferrous ammonium 


length, 455 mu. 


One-gram sample to 200 ml. 
Wave 


sulphate. Wave length, 490 mu. 





curacy be required, this can be ob- 
tained by making several graphs of 
the various working ranges needed 
in any particular case. For example, 
the nickel curve (Fig. 1), plotted 
from 0.0 to 1.45 per cent nickel, 
could be broken down into five (5 
separate curves, each curve covering 
a range of 0.29 per cent nickel and 
plotted in the wave length range in 
which the greatest change in trans- 
mission occurs for a given color or 
concentration of the 
volved. 


element in- 


When working with solutions con- 
taining a high concentration of the 
element involved, close control of 
water temperature used for diluting, 
aliquots withdrawn from the master 
solution, and other factors should be 
under more elaborate control than 
for master solutions having a low 
concentration of the elements in- 
volved. 

In the future, one may expect 
more rigid written specifications for 
the total amount and limits for vari- 
ous elements that may be present as 
residual alloys in a given metal prod- 
uct. Modern metallurgy and engi- 
neering will make this a necessity. 
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Principles of Die Casting 


Magnesium Alloys 


By C. E. Nelson and R. C. Cornell, 
Metallurgical Dept., The Dew Chemical Co., 
Midland, Mich. 


ies THE present discussion, the 
term “die casting” is used to 
designate pressure die casting as con- 
trasted to gravity or permanent 
mold casting. The die casting of 
magnesium is a relatively new art in 
that it has only been practiced in the 
United States for about the past 13 
years. 

The evolution of the process as ap- 
plied to magnesium alloys has nec- 
essarily led to the development of a 
lot of “know how” which goes to 
make up the art of casting. Many 
of these practices are plant or trade 
secrets which are not generally avail- 
able, but must be acquired through 
actual experience. Since it is a fairly 
new field, equipment and methods 
have not been sufficiently publicized 
and standardized, with the result 
that many of the practices which 
are satisfactory under one set of op- 
erations are not entirely useful under 
a different set of conditions. 

It is the purpose of the following 


discussion to present an up-to-date 
general picture of the methods by 
which magnesium die castings are 
made. Magnesium die castings can 
be readily made by methods not 
greatly different from other metals, 
notably, aluminum. However, it is 
important that attention be given to 
the working details described herein 
if the best results are to be obtained. 
Differences in physical characteris- 
tics of magnesium alloys require cer- 
tain deviations from methods used in 
die casting aluminum, zinc, and 
other metals. 

The discussion will be broken 
down into the following headings: 

I. Alloys 

II. Equipment and Materials 

III. Operating Practice 

IV. Sizes and Tolerances 

V. Machining and Finishing 


I. Alloys 


A number of alloys have been 
used from time to time for mag- 








®@ A discussion of magnesium al- 
vo | die casting production meth- 
ods— alloys used — equipment 
and materials—operating prac- 
tice—sizes and tolerances—ma- 
chining and finishing. This paper 
was secured as part of the pro- 
gram for the 1945 “Year-'Round 
Foundry Congress” and is spon- 
sored by the Aluminum and Mag- 
nesium Division of A.F.A. 
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Fig. |—Diagrammatic 
sketch of the cold chamber 
die casting machine. 
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nesium die casting and have been 
described by Winston’. At the pres- 
ent time by far the largest propor- 
tion of die castings are being pro- 
duced in A.S.T.M. alloy No. 13. 
which has the following nominal 
composition : 


Per Cent 
Al 9.0 
Mn 0.2 
Zn 0.6 
Mg Remainder 


This composition combines good 
casting characteristics with adequate 
mechanical properties and corrosion 
resistance. It conforms to Navy 
Aeronautical Specification M-369 
and Army Air Corps Specification 
No. 11319. Typical mechanical 
properties obtained on standard 
A.S.T.M. die cast test bars are: 


Tensile Strength, psi. 33,000 
Yield Strength, psi. 21,000 
Elongation in 2 in., per cent 3.0 
Brinell Hardness 60.0 
Izod Impact, ft. lb. 1.5 


A second alloy used to a limited 
extent is A.S.T.M. No. 12, with the 


following nominal composition : 


Per Cent 
Al 10.0 
Mn 0.13 
Si 0.5 
Mg Remainder 


This alloy has been claimed to 
have somewhat higher fluidity, but 
shows lower corrosion resistance and 
somewhat lower elongation and im- 
pact properties. Typical properties 
on standard A.S.T.M. die cast test 
bars are as follows: 


Tensile Strength, psi. 30,000 
Yield Strength, psi. 22,000 
Elongation in 2 in., per cent 1.0 
Brinell Hardness 62 
Izod Impact, ft. Ib. i$ 


Recently, a grade of alloy No. 13 
of controlled high purity and desig- 
nated as A.S.T.M. No. 13x has been 
available for casting. This alloy has 
use where maximum corrosion re- 
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sistance is required. Since die cast- 
ing pot and casting temperatures 
usually are low, these pure alloys 
can be handled conventionally. 
The addition of a very small 
amount, approximately 0.001 per 
cent, of beryllium has been made in 
some die casting plants in order to 
retard oxidation in the molten state. 


ll. Equipment and Materials 


Die Casting Machines 

High pressure, cold chamber type 
machines are most satisfactory, pres- 
sures as high as 50,000 psi. being 
used. Probably the average die cast- 
ing pressure range for magnesium 
alloys would be around 4,000 to 15,- 
000 psi. Low pressure machines, 
such as the gooseneck type operating 
at 400 to 600 psi., are not generally 
recommended. For general pur- 
poses, machines with die locking 
pressures of the order of 400 to 500 
tons are desirable, due to the high 
injection pressures commonly used. 
Die clamping capacities would have 
to be considered in relation to the 
injection pressures in order that 
there will be sufficient locking pres- 
sure to keep the dies closed on the 
castings with the largest projected 
area which one would propose to 
make on the particular machine. It 
is very important that the machine 
have adequate strength and rigidity. 
The diagrammatic sketch of a typi- 
cal cold chamber machine is shown 
in Fig. 1. 

Figure 2 shows the diagrammatic 
sketch of the type melting pot in 
most common use for the die cast- 
ing of magnesium alloys. The molten 
metal is protected against oxidation 
by means of SO, fumes generated 
in the double-walled dome shown in 
the sketch. The space between the 
walls contains a layer of sulphur, 
and the heat from the pot causes the 
sulphur to melt and sulphur vapor 
to issue through holes or slots sur- 
rounding the ladle opening in the 
sides of the cover. The sulphur 
vapors burn on contact with air, thus 
providing SO,, which effectively in- 
hibits active oxidation of the molten 
magnesium alloy at the operating 
temperatures between 1100° F. and 
1300° F. 

The pots are generally of 450-lb. 
magnesium capacity and are made 
of plain carbon cast steel. They are 
normally placed in brickwork set- 
tings and fired by either oil or gas. 
At the low temperatures of pot op- 
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Fig. 2—Sketch of melting and protecting system for die casting magnesium alloys. 








eration for magnesium die casting, 
such pots, even without any special 
protection, will often last as long as 
several years. However, they should 
be inspected very carefully at least 
once a month, and at such time any 
accumulated scale or oxide should 
be removed from the furnace set- 
tings. 

It is important that automatic 
temperature control be available for 
the die cast melting pots. Either gal- 
vanometric or potentiometric type 
controlling instruments are ade- 
quate, the former being cheaper and 
just as satisfactory for the purpose. 

Thermocouples may be Chromel- 
Alumel or Iron-Constantan and 
should be protected in the pots by 
a steel pipe or sheath. 

Fluxes and Agents 

In the melting and refining of 
magnesium alloys for die casting, 
Nos. 220, 310, and 230 fluxes are 
used. The exact procedure for the 
handling of the molten metal will be 
described later. Protection agent No. 
181 or 190 is also required during 
sludging and skimming operations. 
Ladles, Skimmers, and Sludging 
Equipment 

Die casting ladles are simply 
round-bottomed steel dippers with a 
handle about 18 in. long. The capac- 
ity is governed by the size of the 
casting to be made, and thus serves 
as a satisfactory metering device. A 
satisfactory skimmer can be made by 
welding a %-in. screen bottom to a 
1¥2-in. length of 6-in. steel pipe. 
The handle should be long enough 
to suit the pot size. Sludge and flux 
pans may be of ordinary boiler plate 


construction made up to convenient 
sizes and shapes to permit easy re- 
moval of the frozen cake 


Die Design 

Dies for casting magnesium alloys 
may be made from a number of tool 
steels on the market. For relatively 
short runs a carbon tool steel is sat- 
isfactory. For long die life a tool 
steel of the 5 per cent chromium-6 
per cent tungsten type has been 
found satisfactory. The dies should 
be heat treated and drawn to a 
Brinell Hardness of about 400 to 450. 
The drawing temperature should be 
1050 to 1175° F. so that the dies will 
not soften in use. 


lil. Operating Practice 

Melting Practice 

The sulphur dome melting meth- 
od is used almost universally in this 
country for providing metal for die 
casting operation. It is considerably 
different from any of the other mag- 
nesium melting practices in that it 


uses No. 220 flux, which has the 


characteristic of being able to refine 
the metal, but does not have the 
property of giving surface protec- 
tion. Since the die casting process 
requires the introduction of a ladle 
into the pot many times per minute, 
the use of a flux that gives surface 
protection might lead to the inclu- 
sion of flux in the metal because of 
the continued agitation. For this rea- 


son No. 220 flux has been definitely 


designed to do the refining and then 
settle to the bottom, so that it may 
be completely removed from the pot 
with the sludge. Surface protection 
in this pot is provided by an atmos- 
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phere uf SO., which usually is gen- 
erated by burning sulphur in a hol- 
low dome that operates as a cover 
for the melting pot. 

The ladle is introduced into the 
pot through a small opening in the 
cover. The SO, generated within 
the hollow dome is allowed to enter 
the space just above the metal in 
such a way as to blanket the molten 
metal surface and to inoculate the 
air entering through the ladle open- 
ing. The primary meltdown is dene 
by dusting the surface of the pot 
with No. 220 flux and charging the 
solid metal into the pot, with care- 
ful attention and fluxing to prevent 
oxidation. When the batch is all 
molten, it is stirred thoroughly with 
the flux to agglomerate the oxide. 
It is next allowed to stand for about 
10 min. to permit settling of the 
sludge and flux. The melt is then 
ready for sludging, which consists of 
removing the sludge with a skimmer 
perforated with %-in. holes. The 
skimmer is preheated and put into 
the metal, scraping the bottom and 
sides of the pot. 

Sludge Removal 

When the skimmer is brought up 
with the metal and sludge, the 
molten metal runs through the per- 
forations, leaving only the sludge, 
which is dumped into a preheated 
pan. After the sludge is removed 
from the bottom of the pot any dross 
or unsettled flux is skimmed from 
the surface and the metal should 
now appear clean and shiny. It is 
advisable to allow about 10 min. 
quiet standing before beginning to 
dip metal from the pot. The fore- 
going procedure is followed in start- 
ing up a new pot, but in normal op- 
eration it is preferable practice to 
keep the die casting pot relatively 
full of metal. This may be accom- 
plished by adding fresh ingot at a 
rate sufficient to maintain a constant 
metal level, or, still better, do all of 
the melting in a separate premelting 
unit, using No. 230 flux and then 
transferring molten, refined metal 
directly to the casting pot by tilting 
or ladling from the premelter as con- 
venient. If scrapped castings, butts, 
gates, etc., are charged into the pre- 
melter along with ingot, it is prefer- 
able to use No. 310 flux for the pre- 
melting. The melting of scrap is dis- 
cussed later. 

The usual pouring temperature 
range for die casting is from 1175 
to 1250° F., so the oxidation tend- 





ency for the metal is relatively low. 
Due to the protective atmosphere 
the metal in the pot acquires a thin 
surface film, which must be parted 
when the ladle is introduced. It is 
always desirable to maintain a clean 
metal surface since this reduces the 
rate of oxidation and leads to cleaner 
castings. Any accumulation of dross 
or crust should be skimmed away 
from the surface or edges of the 
molten metal surface in the casting 
pot since this material is sometimes 
pyrophoric and may lead to a pop 
or flash. If there is evidence of un- 
due oxidation on the metal surface 
after ladling, it means that the sul- 
phur dome is not working properly. 
Sometimes a very slight dusting of 
sulphur or other similar agent on the 
edge of the dome may be required 
to control oxidation. In no case 
would fresh flux be added to the pot 
unless the entire refining and sludge 
removal processes were to be re- 
peated. In continuous operation, 
particularly if ingot is added directly 
to the pot, it may be necessary to 
reflux the pot every 4 to 8 hours. 
Ordinarily, from 1 to 3 per cent of 
No. 220 flux is used. 

Unless absolutely unavoidable, it 
is not good practice to make alloy or 
alloy additions in the premelting or 
die casting pot. 

Scrap Melting 

The melting and_ refining of die 
casting scrap presents a special prob- 
lem different from that for the bulk 
of magnesium scrap, in that a cer- 
tain proportion of carbonaceous ma- 
terials, lubricants, etc., is present on 
the scrap, so that melting and refin- 
ing in No. 230 flux, as in ordinary 
practice, is not satisfactory..A red- 
dish scum, or film, of the carbon- 
aceous material seems to stay sus- 
pended throughout the metal. This 
behavior is eliminated through the 
melting of such scrap in open pots 
or crucibles, using No. 310 flux in- 
stead of the usual No. 230 flux. The 
No. 310 flux has the characteristics 
necessary to agglomerate the car- 
bonaceous film and refine this mate- 
rial. Melting procedures are similar 
to the open pot operation for scrap 
recovery, except for the substitution 
of No. 310 flux. 

Composition Control 

Composition control usually is 
maintained by the following pro- 


cedure: 
1. Using certified alloy ingot. 
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2. “Blending in” premelted and 
refined die casting scrap of known 
composition which is periodically 
analyzed in the premelting unit or 
in the actual die casting pot. 

3. Certification of the cast prod- 
uct on the basis of analyses of 
randomly selected castings from a 
given lot of actual castings. 


Die Temperatures 

Die temperatures ordinarily run 
from 250 to 600° F., with 400° F. as 
a good average temperature. Heat 
is applied to the die by electric strip 
heaters or a gas torch. Care must 
be taken that the heat supplied to 
the dies is as uniformly distributed as 
possible, so that warpage is pre- 
vented. In continuous operation, 
temperature of the die is maintained, 
and heat need be applied only after 
interruptions. In regular operation, 
the heat is maintained in the dies 
by balancing the production rate. It 
is sometimes found that water cool- 
ing channels in the die are needed to 
limit the temperature to the desired 
degree. The optimum operating tem- 
perature for the individual die can 
be found only by actual operation. 
In general, however, castings requir- 
ing a large amount of metal will 
require water cooling of the die. 
Freedom from surface swirls and 
cold shuts is possible only when dies 
are maintained at the proper tem- 
peratures. The dies gradually become 
coated with a thin film of oxide, 
making other die coatings generally 
unnecessary. Too high die tempera- 
tures may cause excessive oxide film 
on the dies and rough surfaces on 
the castings. 

When all conditions of the metal 
and dies are ready for casting, the 
pouring ladle is preheated on the 
rim of the pot before introducing it 
into the molten metal. After this 
preheat, the ladle may be held under 
the surface of the molten metal in 
the pot to bring it up to the metal 
temperature. This will prevent the 
metal from freezing to the ladle in 
the dipping operations. The ladle is 
filled by parting the protective film 
with the back of the ladle and dip- 
ping the ladle into the bath. The 
ladle is then lifted from the pot. 
transported to the machine, and the 
contents poured into the well, the in- 
jection being applied or the sho‘ 
being made as soon as the last bit of 
metal from the ladle has been 
poured. 
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Operation Timing 

Accurate timing of this 
tion and the shot speed is essential 
to constant production of good qual- 
ity castings. Only experience on a 
given job will tell how soon the die 
should be opened after the shot. If, 
on repeated ladling, spots of burning 
occur on the surface of the molten 
bath, they may be extinguished by 
a sprinkle of protecting agent No. 
181 or No. 190. 

The pouring 
range for the metal is 1175 to 1250 
F., depending upon the design of the 
casting being made. When it seems 


opera- 


usual temperature 


necessary to go above 1300° F. in 
order to obtain a good casting, the 
remedy should be sought in im- 
proved gating. In no instance should 
a pouring temperature of 1300° F. 
be exceeded, since sulphur dioxide 
will not provide sufficient protection 
for the metal at this temperature. 
The lowest casting temperature that 
will result in sound castings should 
always be sought. 


Uniform Conditions 

In starting to make castings after 
an interruption in production, it usu- 
ally will be necessary to make quite 
a few castings before the die temper- 
and conditions uni- 
form. Until such conditions are 
stabilized, it is difficult to tell wheth- 
er the particular casting setup is ade- 


ature become 


quate for the job. 

It is common practice to use lubri- 
cation on the injection plunger. 
Graphite type greases similar to those 
used in the cold chamber casting of 
other metals are recommended. The 
amount of lubricant used should be 
held to the minimum necessary to 
accomplish the desired result. 

The gating method is undoubtedly 
the most difficult and, at the same 
time, most important phase of the 
operations upon which to make 
recommendations. It will be obvious 
that correct gating will depend on 
the size and type of the casting, as 
well as the equipment available. 

Die design for magnesium gener- 
ally is similar to that employed in 
aluminum die casting practice. The 
gates and vents will require special 
consideration. Large fillets, careful 
blending around section changes, 
and the rounding of sharp corners 
are advantageous. The following ad- 
ditional points may be of assistance 
as general considerations in the lay- 
out of the die: 

(A.) It is of primary importance 


€ 
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that the metal be placed in the 
die with a minimum of turbulence 
In general, this can be most read- 
ily accomplished by bringing the 
metal in from the bottom. The 
effect of cores, thickness of section, 
and other factors in the casting 
shape which might lead to chan- 
neling or interference with the 
smooth flow of the metal must be 
considered and proper gating pro- 
vided to minimize these effects. 
These points will have a direct 
bearing on the surface quality and 
soundness of the part. 

(B.) 
cavity is also of paramount impor- 
tance. Vents usually will be most 
effective near the top of the cav- 


Proper venting of the die 


ity, but may also be required at 
any other point where, due to the 
shape of the casting, entrapment 
of air might occur. The use of 
overflows or pockets which will 
permit some metal to flow out of 
the main die cavity at certain 
points which are otherwise difh- 
cult to fill is advantageous in 
many Ordinarily, ejector 
pins and cores are so adjusted as 
to give as much additional vent- 
ing as possible. 

(C.) Gating should be so designed 
as to minimize the amount of hot 
metal flowing over any small area 
within the casting cavity, since this 
may lead to casting defects, as 
well as excessive accumulation of 
oxide on the die. Excessive oxide 
accumulation will lead to ad- 
hesion of the casting to the die 
cavity and may produce shrinks 
and cracks. 

(D.) Much can be accomplished 
toward the improvement of sound- 
ness by the use of controlled injec- 
tion speeds coupled with higher 
pressures. As a generality, most 
magnesium castings achieve the 
best surface quality through the 
use of injection speeds much 
higher than those normally used 
for aluminum. 


Quality Control 


Surface inspection of the casting 


cases. 


‘curs at three stages in most plants: 


(1.) Hot inspection at. the ma- 
chine is made hourly on a repre- 
sentative number of castings. The 
purpose of this inspection, which 
is carried out by the regular in- 
spection personnel, is to keep 


Plant Supervision, Casting Super- 
vision, and the Chief Inspector 
constantly informed on the opera- 








tion of each job. This procedure 
helps prevent a large quantity of 
scrap castings from being run be- 
fore a particular defect is noticed 

2.) Rough inspection of the cast- 
ings takes place before the castings 
enter the 
Generally, this inspection is rather 


clean-up department 
cursory and is carried out by the 
trim department for the purpose 
of avoiding the wasted labor of 
trimming obvious scrap 

3.) It is generally preferred to 
carry out the final inspection after 
the castings have been given the 
This 


final inspection is handled by the 


chrome-pickle treatment. 


regular inspection department. 


X-ray Inspection 

Most new jobs are started out with 
the help of the x-ray. This has been 
found to be the most economical way 
of developing the proper venting, 
gating and casting procedure, even 
though the production control of the 
job may not require x-ray inspec- 
tion. 

If x-ray inspection of a job is to 
be carried out, it is done in accord- 
ance with the purchase specifica- 
tions. In any event, it has been found 
good practice to radiograph a few 
castings after a part has been out of 
production for a time as a check on 
previously established practices. 

The hazard of molten metal spit- 
ting out at the die parting line dur- 
ing the casting stroke is common to 
all types of die casting, and ma- 
chines and working areas should be 
that 
spitting cannot possibly contact per- 


so located occasional metal 


sonnel or inflammable material. 

As has been previously discussed, 
it is very important that ingots, 
ladles, thermocouples, sludge pans, 
and other tools or utensils be fully 
preheated before coming into con- 
tact with molten metal or flux. Mois- 
ture or water coming into contact 
with molten magnesium can cause 
serious accidents. 

Valves for fuel and air supply to 
the burners should be so arranged 
that they can be shut off at a safe 
distance from the melting and cast- 
ing area in case of an emergency. 


Fireproof Clothing 
It is recommended that men work- 
ing with molten magnesium wear 
fireproof clothing. The use of a face 
mask, fireproof flannel shirt, and 
leather chaps which cover the body 
from the waist down over the shoe- 
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tops gives proper and effective pro- 
tection. An _ effective fireproofing 
method for treating wool, corduroy, 
denim, and canvas consists of dip- 
ping the clothing (after it has been 
washed and centrifuged) in a 15 per 
cent solution of either diammonium 
phosphate or ammonium sulfamate. 
After saturating the clothing thor- 
oughly in this solution, it is placed 
in a draining rack and the excess 
liquid allowed to drain back into the 
impregnating solution, which is kept 
in an earthenware crock. The cloth- 
ing may then be dried directly or 
centrifuged for one minute and then 
put through the regular drying proc- 
ess. Clothing so treated will char, 
but will not flame when it comes 
into contact with molten magnesium 
or flux. The ammonium sufamate is 
less irritating to sensitive skin. 

Methods of extinguishing magne- 
sium fires have been dealt with in a 
number of publications and will not 
be considered here. 


IV. Sizes and Tolerances 


The limitation on maximum size 
of castings will be dependent, of 
course, on the equipment available. 
As has been stated previously, the 
size of a casting which may be made 
on a given piece of equipment is re- 
lated to the projected area of that 








casting and the injection pressure 
required to produce a satisfactory 
product. 

While wall thicknesses as low as 
0.040 in. have been successfully cast, 
the more practical minimum is about 
0.050 in. It has been suggested’ that 
an approximate rule for wall thick- 
ness up to 0.130 in. has been 1/1000 
of the surface area; thus, the mini- 
mum thickness for an area of 100 
sq. in. would be 0.100 in. Numerous 
exceptions to this rule occur due to 
the casting design and the relations 
of the area in question to the gates. 

The following tolerances general- 
ly apply to magnesium die castings: 

Inches 
Tolerance per in. of dimension +0.0015 
Minimum tolerance within solid 

die + 0.003 

Minimum tolerance across part- 


ing line or between solid die 
and movable die parts +0. 


V. Machining and Finishing 

Not too much consideration will 
be given to this subject, since die 
casters usually furnish the parts as 
cast with either the original surface 
or, perhaps, a chemical treatment 
for protection during storage. 

The finishing of magnesium alloy 
die castings presents few problems, 
the methods used for other metals 
generally being applicable with little 
modification. Machining is easily ac- 
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complished, usually dry, but with an 
oil type coolant for high-speed oper- 
ations if very accurate dimension: 
must be maintained. For extreme ac- 
curacy of parts, it may be desirable 
to stress relieve the die castings by 
heating for 2 to 4 hr. at about 400 
F. before machining. Such a treat- 
ment also results in a stabilization of 
the alloy constituents such that a 
negligible amount of growth would 
take place if the casting is to be sub- 
jected to elevated temperature use. 
Unit growth for magnesium die cast- 
ings is as follows: 


Inches 
As die cast 0.00033 
As cast and stabilized 0.00016 


As has been previously stated, 
scrap from casting and machining 
operations should not be remelted 
for die casting directly, but instead 
should be refined in a separate pot, 
also described previously. 

The chemical treatment usually 
applied by die casting producers is 
the chrome-pickle treatment, or per- 
haps, in some cases, the fluoride- 
dichromate treatment. Since details 
of these processes are covered else- 
where, no discusison will be given. 


Reference 
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Die Castings,’ Procerpincs, A.S.T.M., 
vol. 39, pp. 284-296 (1939). 








—_ ei hlUrlOUF 


I © | es eH oy Re 


co =e rp 





(GAMMA RAY RADIOGRAPHY 


Is fidvantages and Disadvantages 


By R. A. Gezelius, Chief Metallurgist, 
General Steel Castings Corp.., 


Eddystone, Pa. 


“4 SHE subject of non-destructive 
testing of castings has received 
considerable attention in re- 

cent years, and no doubt will receive 
even more in the future. In fact, 
the increasingly more rigid specifi- 
cations for castings will guarantee 
an increasing interest. These more 
rigid specifications will lead to the 
production of better castings, free 
from internal defects. 

There is no doubt that specifica- 
tion requirements will be more 
strict as time goes on. During the 
present war, the War and Navy De- 
partments have converted many 
forged parts to castings in order to 
utilize the full productive capacity 
of the country. These converted 
parts have been studied carefully. 
The standards of acceptance have 
been high. However, the foundry 
industry has been able to produce 
the required material. 

Rigid Specifications 

Many of the articles which have 
been produced as castings for the 
war effort are in the “restricted” 
class and, therefore, the specifica- 
tions employed and the results ob- 
tained have not become common 
knowledge. However, it is only a 
question of time until the armed 
services will demand the same de- 
gree of perfection in all castings 
produced for them. 

Commercial purchasers will then, 
in turn, demand comparable cast- 
ings for their use. In view of these 
facts, it is now more important than 
ever that foundrymen employ the 
non-destructive tests available to 


* Radiographic inspection is among the tools employed by the 
foundryman to evaluate his product and to assure its perfection. 
The rigid specifications and high acceptance standards for wartime 
products—which the foundryman has met successfully—will be de- 
manded for postwar products, and the foundryman has available the 


tools to meet these demands. 


them as tools to evaluate and per- 
fect their own product. 


One of the non-destructive tests 
which is available to foundrymen 
is radiography by the use of gamma 
rays. Mehl, Doan and Barrett,* in 
1930, showed the possible use of 
gamma rays for the detection of 
defects in metals. Since that time 
many papers have been published, 
in which every phase of the tech- 
niques of making, developing and 
interpreting radiographs has been 
discussed. 


Radiogrephic Process 

In addition, standards of accept- 
ance for various items have been 
prepared and are in use by at least 
two government agencies. Some 
commercial consumers also use these 
standards, or variations of them, as 
their standards of acceptance. These 
data are all available in the tech- 
nical literature, so there is no point 
in reviewing the information here. 


For the purposes of this discus- 
sion, the radiographic process can 
be simply explained as the produc- 
tion of shadowgraphs which indi- 
cate the comparative densities of 
various portions of the article being 
examined. The entire process can 
be visualized by comparing it to the 
production of a print from an ordi- 
nary photographic negative, a proc- 
ess familiar to everyone. 





*R. F. Mehl, G. E. Doan, and C. S. 
Barrett, “Radiography by the Use of 
Gamma Rays,” Transactions, Ameri- 
can Society for Steel Treating, vol. 18, 
p. 1192 (1930). 


For this purpose, we may assume 
that the photographic negative is 
the part to be -xamined. On this 
negative the clear areas will rep- 
resent actual voids, the light gray 
areas will represent areas of low 
density such as sand or slag inclu- 
sions or porous or spongy areas, the 
darker gray areas will represent 
solid metal and the black areas pro- 
trusions on the casting. 


In the photographic printing 
process, the negative is placed adja- 
cent to a piece of sensitized photo- 
graphic paper, between the paper 
and a source of light. The light 
rays pass through the negative and 
are recorded on the sensitized 
paper. The sensitized paper will be 
blackened in varying degrees, de- 
pending upon the amount of light 
absorbed by various areas. 


Photographic Prints 

The areas adjacent to clear areas 
on the film will be very black, as 
the negative has permitted all light 
to pass at this point. The areas 
adjacent to dark areas on the nega- 
tive will be very light in color, as 
the negative has permitted little or 
no light to pass at this point. This 
process is identical with the radio- 
graphic process except that in 
radiography the light source is short 
wave length invisible light such as 
X-rays Or gamma rays. 


These light rays are absorbed by 
a metal mass of varying density, 
and the sensitized paper is replaced 
by a sensitized radiographic film. 
The result, in radiography, is a 
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shadowgraph which indicates the 
comparative densities of the part 
inspected by the degree of blacken- 
ing obtained on the film. 

As the interest in radiography has 
increased, more attention has been 
paid to the advantages or dis- 
advantages of x-ray and gamma ray 
inspection. There have been many 
discussions which have attempted 
to indicate that one of these sources 
of radiation is definitely superior to 
the other. This attitude has led to 
considerable confusion, as each of 
these sources of radiation had ad- 
vantages and disadvantages not pos- 
sessed by the other. 

Inspection Method Selection 

Each of these methods of radiog- 
raphy has certain fields of inspec- 
tion for which it is definitely su- 
perior. There is, of course, some 
overlapping of these fields of inspec- 
tion. but the two methods of in- 
spection should be considered as 
complementing each other rather 
than as competitors. 

Radiography, whether conducted 
by x-rays or gamma rays, has a 
decided advantage as a method of 
inspection in that it is possible to 
determine the degree of soundness 
of a casting without destroying the 
casting itself. This is extremely im- 
portant in the production of large 
castings, where tests by destruction 
would be both expensive and time 
consuming. On castings of these 
types, the method can be also used 
to prove the acceptability of any 
welding repairs which may be re- 
quired as a result of either visual 
or radiographic inspection. 

While radiography has decided 
advantages as an inspection me- 
dium, it also has its limitations and 
cannot be relied upon to disclose 
every defect in the part examined. 
The difference in density between a 
sound area and an area containing 
a defect must be sufficiently great 
to cause a change in the degree of 
blackening on film sufficient to be 
noted by the eye. 

The change in density required 
for this will depend upon the den- 
sity and thickness of the material 
inspected, the wave length of the 
radiation used and the technique 
employed. On thin sections of the 
light alloys, extremely small defects 
may be located with long wave 
length radiation. However, on steel, 
bronze or the other heavier alloys, 
with the shorter wave lengths re- 





quired to penetrate this material, a 
change in density of 1% to 2 per 
cent is required. 

Thus, a single defect with a di- 
mension of less than 1% to 2 per 
cent of the total thickness of the 
piece being examined will not be 
disclosed. All defects with dimen- 
sions greater than this will be 
revealed. It is obvious that radiog- 
raphy cannot be expected to dis- 
close fine cracks, for example, unless 
the depth of the crack is in line 
with the rays passing through the 
piece. 

All of the foregoing applies to 
radiography generally. Radiography 
with gamma rays has certain ad- 
vantages and disadvantages which 
are peculiar to it. All of these ad- 
vantages are dependent upon two 
physical facts; (1) the method by 
which the rays are produced and 
(2) the wave length of the rays 
themselves. These advantages and 
disadvantages may be tabulated as 
follows: 


Source of Radiation 

Advantages 

Portability 

Simplicity of Operation 

Constant Activity 
Disadvantages 

Constant Wave Length 

Constant Intensity 


Wave Length 
Advantages 
Good Penetration 
Less Scattering 
Disadvantages 
Less Contrast 
Slower Speed 


These advantages and disadvan- 
tages will be discussed in detail in 
the following paragraphs. 


Radiation Source 

X-rays are a man-made source of 
radiation and, therefore, a wide 
choice of wave lengths and intensi- 
ties are available in the _ initial 
choice of equipment. Each particu- 
lar x-ray is limited in wave length 
variations, but the intensity of the 
ray may be varied considerably. 

Gamma rays are a product of na- 
ture. They are produced by the 
dissociation of radium. Radium de- 
composes at a constant rate into the 
gas radium emanation, which, in 
turn, produces a series of decompos- 
ing solids, some of which give off 
gamma rays. Radium is prepared 
for industrial radiography by plac- 
ing a known amount of a radium 
salt in an hermetically sealed silver 
container. 

The radium salt placed in this 
container decomposes, forming ra- 
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dium emanation which builds uy 
until equilibrium is reached, whe: 
the rate of decay is equal to the rat: 
of formation. After equilibrium has 
been attained, the strength, or in- 
tensity, of the radiation given off 
is proportional to the amount of 
radium present. 

The wave length of gamma rays 
cannot be varied, as is the case with 
x-rays. The intensity can be varied 
only by increasing or decreasing th« 
amount of radium present in the 
sealed cylinder. The intensities 
available in these sealed ~cylinders 
vary from those which contain 25 
milligrams of radium to those which 
contain as much as 500 milligrams 

Gamma Ray Emission 

The 25-milligram capsule is a 
sphere approximately 3 millimeters 
in diameter. The largest capsules 
are cylinders approximately 10 mil- 
limeters in diameter and 7 milli- 
meters high. In industrial work, 
these small silver capsules are pro- 
tected from damage by being en- 
closed in an aluminum “egg” to 
which cords are attached to facili- 
tate handling. 

The decomposition of radium is 
a continuous process. Gamma rays 
are thus emitted continuously. When 
not in use the capsule is usually 
stored in a portable lead-lined case, 
which absorbs most of the gamma 
rays produced. The material may 
be transported safely in these lead- 
lined cases, which are supplied with 
the radium pellet. 

The small size of the radium pel- 
lets leads to one of the principal 
advantages of gamma-ray radiog- 
raphy, portability. The source of 
radiation in its lead-lined container 
is sufficiently small and light to be 
transported readily to any piece 
which is to be inspected. 

In addition, the source of radia- 
tion is itself so small that it can be 
attached to the end of a rod and 
inserted in a narrow opening, 01 
pulled into place by the cords at- 
tached to its aluminum container 

This extremely portable source 
of radiation has permitted radio 
graphic examinations of many arti 
cles which could not be inspected 
by any other method. For instanc« 
the sternpost of a ship has beer 
radiographed while the ship was 
moored to its pier. 

Inspection was carried out b 
tack welding a tripod support t 
the outside of the sternpost to sup 
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port the radium capsule. The films 
were placed on the inside of the 
sternpost. The source of radiation, 
the sternpost and the films were 
thus always in the same relative 
position and not affected by the 
rolling of the ship. 

The ship was in port for only a 
few days and, as the proper type of 
electric power was not available, 
this casting could not have been in- 
spected with x-rays within the 
time allotted, even if the proper 
support for the x-ray equipment 
were attached to the side of the 
ship. 

Large Casting Inspection 

In the larger jobbing foundries, 
there are many large castings which 
can be inspected easily with gamma 
rays, without positioning, which 
would be difficult to handle with 
x-ray equipment. 

The ease of manipulating the 
source of radiation itself has per- 
mitted the examination of enclosed 
box sections, deep pockets in cast- 
ings, the joints in long lengths of 
welded pipe, etc., many of which 
cannot be reached with an x-ray 
tube and are too small or too diffi- 
cult to reach for the proper place- 
ment of films on the inside of the 
section. 

Another advantage of gamma ray 
radiography associated with the 
method by which the rays are pro- 
duced is the simplicity of conduct- 
ing gamma ray inspections. A defi- 
nite intensity of radiation is always 
available with each radium capsule. 
[he operator merely has to place 
the pellet and film in their proper 
locations and time the exposure 
correctly. 

Timing Exposure 

Slide rules and charts are avail- 
able to assist one in these simple 
calculations. As the source of radia- 
tion is continuous, the exposure may 
be adjusted to run overnight or over 
the week-end by a proper selection 
of the film-to-source distance. It is 
not necessary for an operator to be 
present to watch or control the 
process of radiographic inspection. 

The principal disadvantage of 
gamma ray radiography, due to the 
manner in which the rays are pro- 
duced, is the inability to change the 
wave length of the radiation pro- 
duced. The wave lengths of gamma 
rays are comparatively short, and 
are considered comparable to those 


which would be produced by a two 
and one-half million x-ray tube. 

The wave length of the radiation 
employed in radiography has a 
large bearing upon the results ob- 
tained. Long wave length x-rays, 
which are produced in x-ray tubes 
with a comparatively low potential, 
are easily absorbed by solid masses. 
They, therefore, cannot penetrate 
great thicknesses or material of a 
high density. However, they are 
easily recorded on a photographic 
film. 

This ease of recording, plus the 
fact that a slight change in density 
will cause a comparatively large 
change in the amount of radiation 
absorbed while the ray is passing 
through the piece being inspected, 
results in extremely good contrast 
in the radiograph obtained. On light 
alloys and thin sections, the best 
results are obtained with equipment 
of this type. 

All radiation passing through a 
test piece creates within the piece 
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secondary radiation of a wave 
length longer than that of the pri- 
mary ray. This is known as “scat- 
tering.” This secondary or scattered 
radiation is also recorded by the 
photographic film. As the scattered 
radiation has a longer wave length 
than the primary ray, it is recorded 
by the film even more readily than 
is the primary ray. 

As the thickness of the test piece 
increases, the amount of the pri- 
mary ray reaching the film de- 
creases, but the amount of the 
secondary radiation increases until 
the secondary radiation will cover 
over any image produced by the 
primary ray unless special precau- 
tions are taken. Therefore, as ‘the 
density or the thickness of the ma- 
terial to be radiographed increases, 
it is necessary to use rays of greater 
penetrating power to decrease the 
difficulties due to scattering. 

Greater penetrating power is ob- 
tained by using rays with shorter 
wave lengths which, fortunately, 
scatter less. The secondary radia- 
tion produced also has a shorter 
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wave length, and thus difficulties 
due to s¢ attering are decreased 

As the wave length of the ray 
is decreased, the ease with which 
the rays are recorded on the film 
is also decreased. The change in 
the amount of radiation absorbed 
by slight changes in density is not 
as great as with longer wave 
lengths, and thus, while difficulties 
due to scattering are reduced, the 
contrast of the finished negative is 
also reduced. 

As the wave length: of gamma 
rays cannot be changed, and they 
are comparatively short, they are 
not suitable for all types of radiog- 
raphy. They are not as satisfactory 
for thin sections or for light alloys 
as are the longer wave length 
x-rays. Good results are obtained 
on the heavier alloys in sections of 
over -in. thickness 

The short wave length of gamma 
rays reduces the difficulties due to 
scattering to the point where arti- 
ficial methods of control are not re- 
quired. However, there is some loss 
in contrast, and this should be con- 
sidered when comparing radio- 
graphs produced with gamma rays 
and with x-rays of longer wave 
length. In addition, these short 
wave length gamma rays have ex- 
cellent penetrating ability, and can 
be used to radiograph sections which 
can be penetrated only by the larg- 
est x-ray machines. 


Radiation Intensity 

The intensity of the radiation 
produced by radium is not as great 
as that produced artificially by the 
x-ray tube. Gamma ray radiog- 
raphy is, therefore, slower than 
radiography with x-rays when the 
time required to produce one radio- 
graph is considered. 

Gamma rays are emitted from 
the capsule in all directions, and 
many times it is possible to produce 
several radiographs simultaneously. 
In these cases, the overall time 
required to radiograph an entire 
object, or several objects, may com- 
pare very favorably with that re- 
quired when x-rays are used. 

Gamma ray radiography has an 
additional advantage for jobbing 
foundries which employ radiography 
only occasionally. Radium capsules 
of various sizes are available on a 
rental basis. Gamma ray inspec- 
tions can, therefore, be conducted 
without large capital expenditures. 

















Sand Control in a 


MALLEABLE IRON FOUNDRY 


* This paper on malleable foundr 
being prepared at the request o 


sand control is one of several 
the Malleable Division Program 


Committee, which is planning to continue the yearly symposia on 
malleable foundry practice started several years ago. These ose 
i 


on this subject will later be incorporated in a reprint on ma 


eable 


sand control as the Division's contribution to the 1945 program. 
Included in this symposium will be the summary of some 14 com- 
panies’ answers to a questionnaire on malleable sand control. 

The ultimate objective of the Division is to later incorporate all of 
these symposia in a book on malleable foundry practice. Previous 
symposia covered (1) Graphitization of White Cast Iron, (2) Mal- 
leable Iron Melting, and {3} Gating and Heading. 


By Gordon Davis, Assistant Superintendent, 
Malleable Foundry, McCormick Works, 


International Harvester Co., Chicago 


ROPER molding sand in a 
Porta foundry is one of the 

most important items in the 
production of good castings. For 
various types of castings, satisfactory 
and consistent production is almost 
impossible without a sand control 
standard. 

Sand control becomes a necessity 
because of inspection requirements 
of high quality finish, and in the in- 
terests of cost reduction to eliminate 
finishing operations on rough cast- 
ings and to simplify sand control for 
individual molders. 


Work which has been done to de- 
velop and perfect sand testing has 
really taken a burden from the 
foundryman’s mind by helping in 
the elimination of superficial cracks, 
internal shrinkage, etc. It has re- 
sulted in improved cleaning methods 
and a much desired surface finish. 

The men connected with the early 
development of sand control really 
belong in our “Hall of Fame.” With 
the old hand control method of trial 
and error many castings were made 
but, as in all other lines of manufac- 
turing, scientific control and con- 
tinued research makes mass produc- 
tion possible today. The “practical 
foundryman” and the daily reports 
on the condition of his sand are a 
team much like the melter and his 
regular reports of the metal com- 
position. 

The advantages of sand control 
have been demonstrated on castings 





of simple design, with good gating 
and feeding methods, and proved 
many times by the use of ,the right 
and wrong sands. Sands, with mois- 
ture, permeability and bond properly 
controlled, can give castings free 
from hot tears, cracks and sand de- 
fects, while a sand with a high mois- 
ture content, with low permeability 
and high bond may show castings 
with defects such as scabs, hot tears 
and rough finish. 


Different Sands Used 
In the production of large quanti- 
ties of various sized castings used for 
light and heavy duty trucks, tractors, 
agricultural implements and ord- 
nance vehicles, several different heap 
and facing sand mixtures are used. 


Many agricultural castings when 
annealed, cleaned and straightened 


are used in the “as-cast” conditio: 
one casting working into anothe 
and held to close tolerances fo: 
foundry fits, that is, fits which mus 
be satisfactory without machining 
This is very general in chain links 
roller bearing ends, and other smal 
castings. The manufacturing toler 
ances are plus or minus 0.006 in 
on chain links and plus or minu: 
0.007 in. on roller bearing ends. 


Sand Conditioning Equipment 

To keep the sand heaps in condi- 
tion four gasoline motor driven sand 
cutters are used. These sand cutters 
handle the majority of the sand used 
in the foundry. Heaps are cut twice 
daily after the heats are poured, and 
by proper cutting good mixing and 
aerating are obtained. The second 
cutting is made immediately afte: 
the first heat. 

Six portable sand-conditioning 
units are used on the large molding 
machine floors. These machines give 
a well mixed and well aerated sand 
in addition to removing tramp iron, 
chills and core butts. They require 
more manpower to operate than 
does a sand cutter. 


Sands for Light Castings 

A sandslinger is used as a sand 
conditioner and as a molding unit. 
This piece of equipment is very eff- 
cient both as a sand conditioner and 
a mold producing unit. Three in- 
tensive mullers furnish sufficient fac- 
ing sand for the daily requirements 

On floors where the smaller cast- 
ings such as chain links, roller bear- 
ing ends, knife clips, etc., are made, 
frequent additions of ground rock 
sand (4-6 per cent A.F.A. clay con- 
tent, 240 fineness and 16-20 perme- 
ability at 5 per cent moisture) are 
made. Sands with a good flowability 
are required for this type of work 


Examples of medium sized malleable castings showing gating method. 
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in order to meet the exacting in- 
spection requirements for finish and 
dimensions (Table 1). 

These small castings require spe- 
cial finishes, are closely inspected, 
and sands of a lower bond which 
have less tendency to burn on are 
used. No sea coals or dust-on facing 
materials are used on these light 
castings to improve the finishes. It 
has been the experience in this plant 
that sea coal and dust-on facings tend 
to cause hot cracks on castings of 
intricate design. 


Sands for Medium Size Castings 

The physical properties of indi- 
vidual heaps for squeezer machines 
on medium sized castings are kept 
in condition by adding a natural- 
bonded sand. This is a sand with 
an 11-13 per cent A.F.A. clay con- 
tent, with a 200 fineness and a 25 
permeability at 6 per cent moisture 
(Table 2). This is added on the 
heap before the sand is cut to get 
the most effective results. 

Sand heaps for producing medi- 
um sized castings may retain a 
considerable amount of core sand 
from the shakeout, and the perme- 
ability generally is much higher than 
that of the new sand. There will 
also be a considerable amount of 
facing sands used in these heaps, 
which would tend to keep up the 
bond to a sufficient extent. 

Again, there may be sufficient 
permeability so that a mulled bond 
could be added to the heap before 
cutting, as well as some new lake 
sand. Many heaps used for medium 
sized castings may require from 10 
to 20 cu. ft. of facing sand to obtain 
the required finish. This may be as 
much as 10 per cent of the sand on 
the floor. 


Sands for Heavy Castings 

Sands used on heaps making the 
heavier castings on large jolt ma- 
chines generally have a higher per- 
meability due to a larger volume of 
retained core sand (Table 3). The 
physical properties of these heaps 
are kept up to molding sand require- 
ments by frequent additions of nat- 
ural bonded sand or a mixture of 
colloidal clay mulled with new lake 
sand. 


Closely controlled facing sands 
used on the heavy castings have 
small quantities of a coarse grade of 
sea coal. The facing sands also help 
to keep the sand open and the green 
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SAND CONTROL IN A MALLEABLE FOUNDRY 





Table 5 


Factnc SAND MIXTURES 


Medium Castings 
(Regular) 
30 parts Heap Sand 
10 parts New Lake Sand 
3 parts Clay Bond 2 parts Clay Bond 


Light Castings 
24 parts Heap Sand 
12 parts New Molding Sand 
+ parts New Lake Sand 


Medium Castings 
(Open) 


20 parts Heap Sand 
20 parts New Lake Sand 


4 parts New Molding Sand 


2 parts of sea coal are 
added only when required ) 


Heavy Castings (Regular) 
20 parts Heap Sand 
20 parts New Lake Sand 
3 parts Clay Bond 
2'4 parts Sea Coal 


Truck Wheels 
20 perts Heap Sand 
20 parts New Lake Sand 
31 parts Clay Bond 
2% parts Sea Coal 








strength up to standard. 

The sand from the slinger floor 
used in molding truck wheels is 
checked each hour. Samples are 
taken after passing through the 
head, as it is found that perme- 
ability is somewhat reduced through 
the head. On this floor only syn- 
thetic sands are used. Rebonding is 
done with a mixture of 10 parts of 
colloidal clay and 40 parts of new 
lake sand mixed in a muller. Enough 
is added each day to maintain pre- 
determined standards by additions 
on molds before shakeout (Table 4). 


\ 


Sea Coal Added 

Facing sand with sea coal addi- 
tions for truck wheel castings is used 
on the cope side of patterns only as 
a means of lifting the deep pockets. 
Rigid standards are used on truck 
wheel facing sand as it must have 
just sufficient green strength to lift 
the mentioned pockets. 

Moisture is kept low so as not to 
bake too hard for easy contraction 
of castings. This particular job is 
susceptible to het cracks unless all 
involved materials are at the highest 
possible workable standards. 


The tests shown in Tables 3 and 4 
are made on samples from different 
floors, some of which require a 
higher green strength than others 
depending upon the size and shape 
of the flask and the nature of the 
casting in production. 

Facing sand mixtures are varied 
according to the size and require- 
ments of the castings. On some 
fairly heavy castings it has been 
found desirable to have a more open 
facing. Typical examples of the 
mixtures used for the various fac- 
ings are shown in Table 5. 

Each foreman and his assistants 
have a particular class of work for 
which they must choose the sands 
and the facing which are best suited 
to the requirements of the casting. 
The right sand for each specific cast- 
ing is not enough. It is the day-to- 
day uniformity, which is maintained 
by frequent testing and regular ad- 
justments, that counts in the iong 
run for quality production. 

It is the purpose of this paper pri- 
marily to record the details of the 
sand control practice used in this 
foundry. It is the faithful adherence 
to control that results in a better 
casting and more satisfactory pro- 
duction. 
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TEEL FOR CASTINGS 


. . « Methods of Production 


A Report of the Steel Division Committee of A.F.A. 


* Developments and trends in methods of producing steel for cast- 
ings is reported to the members of A.F.A. Steel Division; some of the 
problems of current concern to steel founders—hardenability, grain 


size control, graphitization— are discussed briefly. 


An extensive 


bibliography of recent publications is appended. 


ESPITE the exigencies and ab- 

straction of a full-time sched- 
ule of war production, there seems 
to be steady progress in the methods 
of producing steel and in the quality 
of steel for castings. Problems im- 
posed by the poor quality and 
heterogenious nature of available 
steel scrap have been fairly satisfac- 
torily overcome. 


It has been shown by Zang’? how 
purchased alloy scrap may be used 
successfully up to 40 per cent of an 
electric furnace charge. By means of 
proper segregation and sampling 
methods, it is possible to use this 
amount of alloy scrap with a sub- 
stantial saving in ferroalloy require- 
menis and yet meet all current speci- 
fications as to properties. 

In a prediction that electric fur- 


nace steel will compete directly with 
open-hearth steel in the postwar 
period, Sisco*® concludes that basic 
electric steel can be made at a cost 
of $2.00 to $4.00 per ton above that 
for basic open-hearth steel, using a 
cold charge. 
The quick 
couple’ of the platinum/platinum- 
rhodium type, protected with a thin 
sheath of fused silica, is being used 
very successfully for measuring tem- 
peratures of molten steel. It requires 
from 10 to 20 seconds for a reading. 
The silica protection tube is good 
for a maximum of about six immer- 
sions, although, in practice, it is 
usually replaced after each reading. 
One laboratory reports good ac- 
curacy in measuring temperzture of 
molten steel by immersing a closed 


immersion thermo- 


end silica tube in the bath and sight- 
ing down it with an optical pyro- 
meter. This arrangement provides 
black body conditions free of smoke 
or fume, and it is claimed to be 
lower in cost than the thermocouple 
method 

Slag control, particularly for acid 
slags, is receiving considerable atten- 
tion. Fitterer** reported that it is 
now possible to determine both the 
silica content and temperature of an 
acid open-hearth slag by means of a 
simple fluidity test. Furthermore, be- 
cause the MnO is practically a con- 
stant, the FeO + CaO is then 
known, and if the CaO is a con 
trolled quantity, the FeO content 
may be determined. He also pro- 
posed a new and interesting theory 
that oxidation of the bath by atmos- 
phere is through direct exposure of 
the metal during the boil rather than 
through the slag as an intermediate. 


Side-Blown Converters 


In Great Britain, a much larger 
proportion of steel for castings is 
produced in side-blown converters 
than in the United States. Fassotte*’ 
has shown that, contrary to common 
belief, a high-silicon iron charge is 
not necessary when a side-blown 
converter is used. Whereas, in the 
bottom-blown converter, the prod- 
uct of carbon combustion is mainly 
CO, in the side-blown converter it 
is burned largely to CO,. Thus, an 
important source of heat energy is 
available to the latter, which obvi- 
ates the necessity of burning silicon 
if the mitial temperature of the iron 
is sufficiently high. 

A charge containing 3.2 per cent 
of carbon and 0.21 per cent of sili- 
con was introduced to a converter at 
a temperature of 1385°C. (2525°F.) 
and successfully blown with a final 
temperature of 1590°C. (2895°F.). 
A rotary, pulverized-coal-fired fur- 
nace to act as a preheater and mixer 
is advocated for use between the 
cupola and the converter when low- 
silicon irons are used. 


Thermit Method 
The thermit method of producing 


steel for small castings has been 
completely successful in experiments 
carried out at the Naval Research 
Laboratory. Steels with very nor- 
nal properties were obtained. This 
method is considered primarily for 
emergency use where small castings 
are needed quickly in areas remote 

















40 


from orthodox melting equipment. 

Precision casting of many metals 
and alloys is presently undergoing 
intensive development. In preparing 
steel for these castings, indirect arc 
and high-frequency induction fur- 
naces are preferred. An extensive 
line of melting units of these types, 
specially designed for precision cast- 
ing, are being offered by various 
manufacturers. At least one small 
direct arc furnace is available. 

Among the newer problems that 
are currently of concern to the stee! 
founders are those of hardenability, 
grain size control, and graphitiza- 
tion. To a certain extent, these prob- 
lems are interrelated and are prob- 
lems of steelmaking technique. 


Hardenability 

Controlled hardenability for cast- 
ings is increasingly in demand with 
the greater prevalence of quenching 
treatments. The problem is com- 
plex, because, with the variable sec- 
tion size both in single castings and 
in different castings from the same 
heat, no one hardenability level is 
ideal. Experience indicates that re- 
liance on close chemical composition 
is not a sufficient control and that a 
direct hardenability test should be 
made on each heat. 

This means segregation of heats 
for heat treatment. The ideal way, 
of course, would be to make a quick 
hardenability test before the heat is 
poured, and then make appropriate 
adjustments to the composition. 


Grain Size 
Controlled grain size as an ad- 
junct to hardenability is important, 
but fine grain is specified for some 
cast parts which are to be carburized 
and quenched from the carburizing 
pot. The problem of obtaining fine 
grain is that of adding the proper 
excess of strong deoxidizer and, 
when aluminum is used, requires the 
same technique as is used to insure 
Type 3 inclusions for good ductility. 
For certain uses, however, partic- 
ularly for high-temperature service, 
coarse-grained steel is demanded. 
This has become a serious problem 
where the use of aluminum deoxida- 
tion is considered necessary to obtain 

the required soundness. 


Graphitization 
Of even greater current impor- 
tance is the demand that steel cast- 
ings for use in high temperature be 
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made aluminum free to prevent 
graphitization. It has been found 
in weldments (both wrought and 
cast) used at high temperature, that 
graphitization starts in the heat-af- 
fected zone after prolonged expo- 
sure. This results in serious embrit- 
tlement. It has been shown that the 
rate of graphitization is increased 
when aluminum is used, unless it is 
used in such small amounts that it 
is all oxidized. Apparently no ade- 
quate answer to this problem has 
yet been found, but considerable ex- 
perimental work is under way. A 
quick answer is no& probable, how- 
ever, because of the time required 
for tests. 
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CASTINGS 
Should Always Be 


QUALIFIED 
in the Foundry 


By O. O. Gammon, 
Chief Tool Designer, Caterpillar Tractor Co., Peoria, Ill. 


* Methods of casting qualification in the foundry to reduce machine 
tool costs and facilitate machining are presented by the author, a 
particular point being the use of less highly skilled operators. 


N THE early 1920's, the demand 
for more production forced man- 
ufacturers to try to devise some 

ufacturers to try to devise some 
method of control of given points on 
castings. If parts could be produced 
uniformly enough in the foundry, 
the machining was fairly simple. 
However, with castings that had too 
much distortion, exterior roughness 
and uneven parting lines, targets 
had to be added to the first machin- 
ing operation fixtures, with adjust- 
ing screws to juggle the casting 
around to equalize the distortion be- 
tween the faces to be machined. 
This was a slow process, requiring 
care, and resulted in idle time for 
expensive machinery with a conse- 
quent loss of much production, but 
it could be accomplished by skilled 
operators. 


Locating Bosses 

The first attempt to better this 
condition, to the writer’s knowledge, 
was the establishing of bosses on the 
casting which were hand filed by the 
manufacturers**. In filing, the cast- 
ing was placed in a fixture fitted 
with a series of adjusting screws. 
The casting then was moved until 
it matched with targets on the fix- 
ture, which were of the same con- 
tour as the faces to be machined. 
The pads then were hand filed until 
level with blocks on the fixture set 
at a predetermined height. This was 
not entirely satisfactory, as in filing 
the pads usually were not square 


and there was not close enough di- 
mensional control. —The method was 
slow and, consequently, expensive 

The present-day methods are the 
grinding or machining of bosses, the 
number and location being the re- 
sult of a study of the part involved 
for subsequent machining. Usually, 
three bosses are required on the cast- 
ing face which is to be the bottom 
in the first machining set-up. These 
three bosses furnish a three-point 
leveling condition for horizontal and 
vertical planes. Two bosses at the 
extreme end of a side face insure 
squareness of location in the fixture, 
and one boss at the extreme end 
provides an end locating point. 

An example of such preparation is 
the cast block for a four-cylinder 
diesel engine, shown in Fig. 1. In 





Fig. 2—Qualifying grinding fixture. 





Fig. | — Cast four-cylinder diesel . 
block showing qualified pads. 





this case, the three bosses are on thi 
side of the block, which is the bot- 
tom side for the first machining op- 
eration. The end boss, in this case, 
has no function in the first machin- 
ing operation, but is used in locating 
the casting for a succeeding opera- 
tion, in which the flywheel housing 
and timing-gear housing faces are to 
be milled. 

In checking this casting at the 
foundry, it is placed in a fixture with 
adjusting screws, and juggled to 
match a series of fixed templets. The 
points checked include faces, con- 
tours, bores and close interference 
points. 


Grinding and Milling 

After the casting has been checked 
and clamped into position, location 
bosses are carefully ground with a 
portable hand grinder until sweep 
gages show that they are correct, as 
shown in Fig. 2. 

When milling locating spots, much 
the same treatment is applied to th 
casting as in grinding. In qualifying 
fixtures where the spots are to be 
machined, the casting is supported 
on adjusting screws to position it 
with relation to the targets. Shaped 
targets or templets made from cold 
finished sheet steel are employed, fo: 
checking the size, shape and loca 
tion of various bosses and other sur 
faces. These targets can be mounte« 
either in fixed positions or on slid- 
ing support arms, which can be 
withdrawn to permit clearance t 
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facilitate loading and unloading of 
the part. Care must be exercised in 
the design of these fixtures to pro- 
vide as much visibility of the work 
as possible. 

Many times, flush pins and scribes 
are used to determine the amount of 
stock to be removed for clean up. 

Fig. 3.) 

After the casting has been put in 
alignment, it is then clamped secure- 
ly in place. The casting is now 
ready for milling, which is done with 
a special stop-collar holder, using a 
four-fiuted end mill, cutting off cen- 
ter in order to eliminate tool pres- 
sure. A suitable air motor is sup- 
plied, with the correct rpm., and 
may be provided with an overhead 
harness for easy handling. The cut- 








ter holder is inserted in a hardened 
steel bushing on the fixture, a cutter 
inserted in the end of the spindle 
and held in place with a tie-bolt, 
then the cutter is rotated until the 
pad is milled, as shown in Fig. 4. 
The spot then can be checked by 
means of a flush-pin gage, made 
with the amount of allowable toler- 
ance. 

A ball-thrust bearing race con- 
tacts the shoulder of the counterbore 
in the head of the holder, which per- 
mits about a 3/16-in. stroke. Since 
the stock to be milled is about 1 /16- 
in. thick, the locknuts are in contact 
with the head of the guide bushing 
throughout the milling operation. 
Locknuts are positioned on the 
sleeve of the driver when the driver 
is set up in a special gage developed 
for this purpose, as shown in Fig. 5 


Standardization 


When contemplating having sev- 
eral different castings qualified in 
the same foundry, care should be 
given to standardization. All the 
equipment that would possibly be 
needed, other than the basic fixture 
and air motor, is shown in Fig. 5; 





Fig. 3—Foundry qualifying fixture with casting in place. 
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Fig. 4—Application of milling on casting 
shown in Fig. 3. 





namely, a cutter setting gage, driver 
holder, flush-pin gage, and several 
cutters, which should be kept sharp 
by the vendor, who has the facilities 


Gray lron Castings 

It has always been thought that 
this method would not be acceptable 
on cast iron, having been used only 
on non-ferrous castings. This is en- 
tirely erroneous, as the casting 
shown in Fig. 6 is of cast iron. Note 
the front boss located at the top 
which was entirely removed to check 
the machining time and the amount 
of tool pressure required. This boss 
was originally % in. in height and 
was removed in about 90 seconds 
with the equipment shown in Fig. 4, 
with no undue tool pressure. Nor- 
mally, the amount of stock to be re- 
moved would be between 1/16 and 
Y, of an inch. 

The gray iron casting, shown in 
Fig. 6, was not qualified, due to 
foundry scrap, but purely for manu- 
facturing purposes. In this particu- 
lar job, bores on opposite ends, done 
in two different machining opera- 
tions, had to be held concentric to 
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Fig. 5—Cutter-setting gage with holder in position; also, flush-pin gage and driver. 


within 0.001 of an inch. It was im- 
possible to chuck on a rough outside 
diameter and hold these limits. By 
locating on these finished spots, the 
seemingly impossible can be accom- 
plished. 

The use of prepared castings, with 
the routine inspection at the found- 
ry, gives an opportunity for the 
foundry to find the source of faults, 
if any, and make corrections with a 
minimum of scrap and delay. Too, 
elimination of faulty castings at the 
source will prevent the waste of 
machining time on castings that will 
not clean up, and also will avoid 
payment of shipping charges on 
castings that will ultimately become 
scrap. In all cases, the manufac- 


turer is willing to pay more for cast- 
ings that have been qualified. 

The tool costs of the first opera- 
tion fixtures are greatly reduced, due 
to simplicity of fixtures that can be 
made to run qualified castings, thus 
eliminating targets and adjusting 
screws. 

Production is greatly increased, 
thereby cutting the cost of machin- 
ing. Operators with a lesser degree 
of skill can be used, and at this time 
skilled operators are not available. 

In every instance, qualifying fix- 
tures have paid for themselves many 
times over by eliminating the need 
for laying out castings before ma- 
chining, and in the reduction of 





Fig. 6—Gray iron casting showing machined 
locating pads. 


scrap resulting from machining 
errors on castings because they had 
not been located properly in the first 
machining fixtures. 
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Handling sand in a small foundry can be done easily with modern equipment. 


Synthetic Sand in Non-Ferrous Foundries 


By N. J. Dunbeck, Vice-President, Eastern Clay Products, Inc., Eifort, Ohio 


T= name synthetic sand is usu- 
ally applied to sands which are 
made in the foundry as required, 
from materials so selected as to 
best do a particular job. Synthetic 
sands have not been as widely used 
in non-ferrous as in ferrous foundries 
for several reasons. 


Many non-ferrous foundries are 
small and lack the mixing equip- 
ment which it is desirable to use 
with all bond clays, and essential to 
use with some. It is sometimes diffi- 
cult to locate conveniently the fine 
grained sands which are necessary 
for much non-ferrous work. 

Synthetic sands usually require 
closer control than do naturally 
bonded sands, and some foundry- 
men feel that they do not have ade- 
quate manpower for the job, in con- 
sideration of the quantity of sand 
used. 

It is, however, very true that 
practically all non-ferrous foundry- 
men can benefit from the intelligent 
use of bond clays, even though they 
may not adopt a full synthetic sand 
program. 

Differences Between Synthetic 
and Naturally Bonded Sands — 
These sands are similar in that each 
consists essentially of sand grains and 


bond. Most naturally bonded sands 
in Northern and Eastern United 
States result from glacial action. 


Glacial Origin 


The glaciers scoured up sand, 
rocks and clays of various types 
which were later set free when the 
glaciers melted. The coarser mate- 
rials settled from the transporting 
water first, then the finer sands and, 
finally, the clay. When the sand in 
settling carried with it a substantial 
amount of clay the result was a 
naturally bonded sand. 

It is obvious that the glaciers were 
not selective in the material picked 
up, and that this frequently in- 
cluded feldspar, limestone and other 
materials which have no place in a 
good sand. 

Thus, out of the vast amount of 
bonded sand in this country, the 
only usable materials are those 


where, by happy chance, the glaciers 
deposited a combination of sand 
grains and clay which included a 
minimum of fluxes and other un 
desirable materials. 

The statement is sometimes made 
that nature took millions of years 
to make naturally bonded molding 
sand, with the implication that this 
inevitably result in a high 
quality product. 


must 


There is also the suggestion that 
in this long period of time nature 
did a perfect job of coating each 
grain of sand with clay, and that 
such a job is superior to what may 
be accomplished by mere man even 
with the aid. of intensive mixing 
equipment. 

The facts are that balls and ag- 
glomerations of clay, with perfectly 
and imperfectly coated grains of 
sand, are found in practically all 
naturally bonded sands. Evidence 





* Advantages and disadvantages of naturally bonded and 
synthetic sands in non-ferrous foundry practice. The author 
concludes that the use of synthetic sands results in lower 
sand-handling costs and permits of closer sand control than 
is possible with naturally bonded sands. 
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of this is the fact that mulling a 
new sand almost invariably increases 
its strength because it better dis- 
tributes the clay present. 

Assuming that the sand producer 
makes a careful search for sands 
containing a minimum of undesir- 
able materials, we can assume that 
a high gr=de naturally bonded sand 
will consist of sand grains, clay and 
silt. The silt is very finely divided 
material of a silicious nature which 
has little or no bonding value. 

In making a synthetic sand, we 
seek a good silica-base sand and a 
good clay to mix with it. Some of 
the bank sands are also the result 
of glacial action. To be a good sand 
they must be quite free of clay, and 
this requires a condition of deposi- 
tion from water which permitted 
the sand to settle while the clay 
was.carried on farther. 

The purer silica sands are older 
than the glacial period, and usually 
resulted from the decomposition of 
sandstones which were transported, 
classified and sometimes purified in 
running water. High grade clays are 
deposited in a similar manner, al- 
though clays are also formed in 
other ways. 

Synthetic Sand Application 

Thus it is seen that the man who 
proposes to make a synthetic sand 
has the odds heavily in his favor 
in making a high grade molding 
material. He seeks only a pure sand 
and a pure clay. 

In contrast, the producer of nat- 
urally bonded sand seeks to find a 
high grade sand and a high grade 
clay, not only in combination but also 
in the proportions he desires and 
without the inclusion of undesirable 
minerals. 

All such naturally occurring com- 
binations are variable, and it is com- 
mon practice to mix sands in ar- 
riving at a desired product. The 
difficulty in maintaining uniformity 
when dealing with so many vari- 
ables is obvious. 

A. Full Synthetic Sand Program 
—(a) Selection of Sand Grain—In 
a full synthetic sand program, we 
plan to make our sand from silica 





sand and clay. We must locate a 
silica sand or bank sand of such 
fineness as to give the finish we re- 
quire, along with safe permeability. 

This new silica sand may be 
mixed with clay and added in the 
foundry exactly as is naturally 
bonded sand; or the sand and clay 
may be added individually at the 
shake-out or on the heaps. Some- 
times, the materials are added in the 
facing sand and no additions may 
then be necessary to system sand or 
heap sand. 

In most synthetic sand programs 
it is desirable to allow the burned 
core sand to mix with the used 
molding sand at the shake-out. The 
fineness of the core sand thus in- 
fluences the selection of the base 
silica sand. If the core sand is rather 
coarse, a finer base sand may be re- 
quired, or the reverse. 


Synthetic Sand Durability 


Burned core sand is an excellent 
base sand because the somewhat 
roughened grains accept bond clay 
readily. The usual procedure is for 
the non-ferrous foundryman to 
gradually add synthetic sand to his 
present sand, making the change a 


SYNTHETIC SAND 


gradual one. In an extreme case, he 
might discard all of his old sand and 
start with a new synthetic sand com- 
posed of bank sand and bond clay 

The strength of this sand would 
burn out slowly, as synthetic sands 
have from three to six times the 
‘urability and life of most naturally 
bonded sands. A very small amount 
of new material would, therefore, 
be necessary as a daily addition. The 
foundryman can expect that his syn- 
thetic sand cost per ton of castings 
will be from one-third to one-sixth 
the cost of using naturally bonded 
sands. 

(b) Selection of Clay— The 
choice of clay will usually lie be- 
tween a fire clay and a bentonite. 
Each type of clay has definite physi- 
cal characteristics and produces a 
notably different type of sand. 

Two to three parts of fire clay 
must be used to give the same green 
strength as one part of bentonite. 
This results in definitely lower per- 
meability. 

This is a disadvantage when the 
readily available base sands are fine 
grained and low in permeability. It 
may be of advantage when the only 
available base sands are rathe1 





View of a 25-ton sand storage tank and a 4 cubic foot muller. 
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coarse, in which case the greater 
bulk of fire clay smooths the sand 
and improves the finish. 

Fire clays require intensive mix- 
ing for dependably good results. 
They have a wider moisture range 
than the bentonite and are easier 
to control. They are more refrac- 
tory, giving a higher sintering point. 
They have longer life or durability 
than the bentonites and this, com- 
bined with low initial cost, makes 
them more economical than any 
other type of clay. 


Western Bentonite 

This type of clay is characterized 
by a combination of high green 
strength and high _ permeability. 
Since a smaller quantity may be 
used than fire clay, a safe perme- 
ability will still result even if a finer 
grain sand is used. It requires inten- 
sive mixing for good results. It is 
workable at a lower moisture con- 
tent than fire clay. 

Having higher dry strength than 
any other type of clay, it would 
logically be chosen, either used 
straight or in combination with 
other clays, for making heavy non- 
ferrous castings or for those with 
such gating as to create cutting and 
erosion problems. 

This same dry strength results in 
the sand baking rather hard in 
flasks, creating a difficult shake-out 
and lumpy sand which is sometimes 
difficult to retemper and _ recondi- 
tion. Western bentonite should not 
be used where the design of cast- 
ing or type of metal is such as to 
create danger of cracked castings. 


Southern Bentonite 

Southern bentonite is higher in 
green strength and permeability 
than western bentonite. It combines 
these values with moderate dry 
strength. It gives easier shake-out 
and fewer lumps in sand than any 
other type of bond clay. 

Southern bentonite makes a sand 
of high flowability, that is, one 
which rams easily to a hard surface, 
thus producing excellent finish. 
Southern bentonite is also unusual 
in that it mixes readily with sand, 
even without an intensive mixer, 
and is, therefore, the only bond clay 
which may be used with safety by 
foundries which do not have me- 
chanical mixing equipment. 

Thus it is seen that the clay should 
be carefully selected to fit the in- 
dividual foundry condition. Fail- 


ure to so select the clay based on the 
job to be done, and the effort to 
make any one clay fit all conditions, 
are reasons why synthetic sand has 
sometimes been abandoned, al- 
though it should have had applica- 
tion in the particular foundry. 


Relative Clay Values 

The relative values of clays are 
given in Table 1. It should be kept 
in mind that combinations of clays 
frequently give better results than 
any individual clay. 

B. Semi-Synthetic Sand Program 
—Foundrymen say that they are 
using semi-synthetic sand when they 
are using part synthetic sand and 
part naturally bonded sand. It may 
be that a local natural sand will be 
particularly well suited to a partic- 
ular job, and the foundryman will 
desire to continue using it. 

At the same time, he may realize 
the superiority of synthetic sand for 
another type of work. And, some- 
times, a mixture of natural and syn- 
thetic sands may give excellent re- 
sults. For instance, the addition of 
a small amount of natural sand to 
a synthetic sand will reduce the rate 
of drying out. 

It is sometimes the case that good 
base sands of the proper grain size 
are not locally available. It may 
then be cheaper to buy the best 
available low bonded molding sand 
and bring it to proper working con- 
dition by the addition of bond clay. 
The clay may be mulled with the 
sand or added in any other con- 
venient manner. 


Fire Clay Additions 

Any particular sand might be 
strengthened and made more re- 
fractory by the addition of fire clay; 
its dry strength might be increased 
by the addition of western benton- 
ite; or its flowability and workability 
might be improved by the addition 
of southern bentonite. It is impor- 
tant to remember that the clay has 
far more effect on the properties of 
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the finished sand mixture than does 
the sand grains. 

C. Rebonding Program — Some 
foundries continue to use satisfactory 
naturally bonded sands and use bond 
clays only to extend the life of the 
sand. It is very costly to use sand 
until its strength has been burned 
out and then discard it. The grain 
may be perfectly good and require 
only the addition of bond clay to 
again make it workable. 

In this method, a small amount of 
clay (1) may be added to the regu- 
lar facing sand mixture; (2) added 
on top of the natural sand at the 
shake-out; (3) mixed with the new 
natural sand before it is added; or 
(4) a small amount of clay might 
be placed on top each mold before 
the shake-out. 

Some naturally bonded sands, 
such as Albany, are well liked for 
their grain distribution, but are fre- 
quently unsatisfactory and expen- 
sive in use because of their low 
strength. It is a very simple matter 
to increase their strength to good 
workable levels, with no appreciable 
effect on permeability, by the addi- 
tion of small amounts of bond clay. 


Mold Production 

This saves money by extending 
the life of the sand and, sometimes 
much more money by increasing 
production. A molder is able to 
pound out many more molds per 
hour from a flowable, strong, open 
sand than from a weak, friable sand 
which must be babied along and 
which may cause frequent mold 
losses from drops. 

Such weak naturally bonded 
sands, when used without the addi- 
tion of clay, are usually run very 
wet in order to get workability, 
which much increases the danger of 
scrap from the gas produced. The 
amount of gas produced from vari- 
ous sands is given in Table 2. 

Bond clay is of particular econ- 
omy in bonding burnt core sand 


Table 1 


RELATIVE VALUES oF BOND CLays 
(Micuican Crry SaNp MULLEpD wiru CLay As SHownN) 


Tempering Compressive Compressive 





Bond Water, 

Clay PerCent percent 
Fire Clay 12% 4, 
Southern bentonite 4 2% 
V/estern bentonite 5 2% 


Dry Hot 
Green Strength, 


Green 


Strength, Strength, Permea- 2000° F., 
pst. psi. bility psi. 
9.27 38.3 100 325 
9.19 31.0 175 25 
8.69 53.1 171 490 




















Sand 
Ottawa silica sand, 95 per cent 
Western bentonite, 5 per cent 
New Albany sand 
New Ohio sand 


into a molding mixture, since the 
sand otherwise is an item of expense 
in disposal. Such sand usually has 
good flowability and permeability, 
while strength may be regulated to 
suit any job. The cost of hauling 
burned sand to a mixer to be re- 
bonded is no greater than the cost 
of hauling it to a dump. 

The cost of hauling the rebonded 
sand to the point of use is no greater 
than the cost of hauling in an equal 
amount of new sand. In fact, the 
cost may be less, since a synthetic 
sand can be prepared of twice the 
strength of natural sand, thus halv- 
ing the quantity required. 


Rebonded Sand Costs 

A gloomy picture is sometimes 
presented to the smaller non-ferrous 
foundryman, who is told that to re- 
bond sand he must haul the mate- 
rials to and fro in his foundry, thus 
creating a prohibitive expense. 

As seen from the foregoing, these 
hauling costs are usually lower with 
rebonded sand than with natural 
sand, and the actual cost of the re- 
bonded sand is made up only of 
materials and mixing costs. 

The total cost of a sand bonded 
to the strength of new naturally 
bonded sand will usually be less 
than $1.00 per ton, and this may be 
compared to the delivered cost of 
new natural sand. The cost of sand 
rebonded only to normal workable 
strength is, of course, much lower. 

Advantages of Naturally Bonded 
Sands—Such sands are usable with 





Table 2 
Gas EVOLUTION FROM VARIOUS SANDS 


Tempering 
Water for Gas Evolved 
Proper Workability, at 1800° F./Cu. Ft. 
per cent Sand, cu. ft. 
y 232.3 
4.8 502.4 
7.8 778.3 


a minimum of equipment, or with 
none at all. They retain moisture 
better than synthetic sands and are 
easier to patch and repair. They are 
usable over a wider moisture range 
than synthetic sands. 


Disadvantages of Naturally 
Bonded Sands — Being a naturally 
occurring product, naturally bonded 
sands are variable in quality. Large 
quantities of materials must be 
handled and stored for winter. They 
frequently contain fluxes and im- 
purities, and are lower in refractory 
value than synthetic sands. 


Silt in Naturally Bonded Sands 


Because they contain fine silt they 
are workable only at much higher 
moisture contents than is synthetic 
sand, and are definitely less safe in 
use. They are costly in use because 
they are discarded when their 
strength has been burned out, al- 
though the grain may still be per- 
fectly good, and require only the 
addition of bond clay to again make 
them workable. 


Disadvantages of Synthetic Sands 
—Since they are workable at a low 
moisture content, the loss of water 
by evaporation is more serious, and 
synthetic sands are said to dry out 
faster than naturally bonded sands. 
Because of their high flowability 
they are likewise more brittle than 
naturally bonded sands, and are 
more difficult to patch. They re- 
quire more mixing equipment than 
the naturally bonded product. 








SYNTHETIC SAND 


Advantages of Synthetic Sand 
The two outstanding advantages of 
synthetic sand are ease of contro! 
and economy. Since they are mac 
from individual components selected 
and blended by the foundryman 
under his own direction, they can 
be made exactly as required and 
varied when necessary. By constantly 
re-using the same sand and by re- 
claiming burnt core sand, the cost 
of molding materials is held to a 
very low figure. 


Summary 


No attempt has been made to giv: 
specific sand mixtures because of 
the great variety of work made in 
non-ferrous foundries. Also, no at- 
tempt has been made to give physi- 
cal characteristics of sands for vari- 
ous metals because the subject is 
so thoroughly and ably covered in 
the A.F.A. “Recommended Practices 
for the Sand Casting of Non-Ferrous 
Alloys” (published in 1944). 


Synthetic sand is cheaper and per- 
mits closer control than naturally 
bonded sands. One car of bond clay 
will replace about 20 cars of natur- 
ally bonded sand, thus reducing th: 
volume of materials handled. Close: 
control means definitely lower scrap 
in synthetic sand foundries. 


Since southern bentonite can be 
used without intensive mixing 
equipment, it is now possible for any 
non-ferrous foundryman to get som« 
of the advantages of bond clay in 
extending the life of his sands, pro 
ducing sands of better working 
values and definitely decreasing his 
costs. 


Specifically, the non-ferrous 
foundryman needs a fine grained 
sand, and that usually means con- 
stant danger from blows when using 
the high moisture content necessary 
with naturally bonded sands. In 
using synthetic sands, he creates fa’ 
less gas and thus solves one of his 
major sand problems. 

















PATTERN 


REDESIGN 


por Increased Production 


By Ernest C. Moorhead, 
Consulting Foundry Engineer, 
Laconia, N. H. 


N many foundries, especially 
those of the jobbing type, cer- 
tain castings are made from an 

original pattern for many months 
or possibly years. In many such in- 
stances, production could be _ in- 
creased from 100 to 500 per cent 
by some minor changes to the pat- 
tern design and equipment without 
necessarily changing the casting 
proper. 

This lack of maximum produc- 
tion from a given pattern is the 
fault of no particular individual, as 
most patterns can be made in several 
different ways from the same draw- 
ing. Besides, designers of machines 
and parts are not always sure that 
the original design is exactly what 
they will require, and changes may 
be necessary after the sample cast- 
ings are received from the foundry. 





Due to this line of thought, many 
patterns are made at the least pos- 
sible expense and are sent to the 
foundry for samples. Many times 
the samples are satisfactory and im- 
mediately more castings are ordered. 
As time goes on, the foundry regu- 
larly receives orders to be made from 
the so-called temporary pattern. 
Orders of this kind generally are 
filled in a piecemeal fashion, and 
many times at a loss to the foundry. 
Thus, a minimum production is con- 
tinued indefinitely. 

To adapt such pattern equipment 
to cope with this increase in pro- 
duction, the foundryman must study 
and really ponder over the patterns 
under consideration. This is not 
always easy, and sometimes takes 
weeks of thought to reach a definite 
conclusion. If the foundryman is 
successful in his efforts, he finds him- 
self greatly rewarded, and the satis- 
faction that is his is worth more to 
him than money. 

In any line of work, where there 
is a job to be done which can be 
made only by certain persons, be- 
cause of the skill required, it can be 
accepted as axiomatic that the job 
is not being made in the easiest or 





* Use of sample or temporary 
pattern equipment for produc- 
tion castings often prevents 
maximum production. Redesign 
of pattern equipment for effi- 
cient operation is sometimes dif- 
ficult, but time and thought given 
to adapting the pattern for in- 
creased production may mean 
the difference between profit 
and loss in the jobbing foundry. 


the best way. Personally, the author 
does not like to think of a tough 
job in the foundry that cannot be 
made into an easy one. 

In the following, the author points 
out how small pattern changes can 
greatly increase the foundry produc- 
tion and save a lot of supervision 
and attention on jobs in the “break- 
ing even bracket.” 

Figure 1 is a sketch of a mal- 
leable casting that formerly was 
made on a side floor in a 20x26-in 
wooden flask with a 6-in. cope and 
a 7-in. drag. The casting, however, 
is somewhat more complicated than 
is shown, but the only parts of the 
pattern that need be considered are 
the arms (A and A’, Fig. 1), which 
make necessary a deep parting line 
(B-B', Fig. 2) at the joint of the 
flask. 

Note the depth of cope in Fig. 2, 
indicated by line (C). Due to this 
heavy pocket of sand which extends 
the full length of the cope, it was 
necessary to set gaggers through this 
pocket to insure a good lift and to 
keep the cope from falling out while 
the moid was being closed. 

As originally made, the drag was 
rammed on a “clay match” 5 in. 


Fig. |—Sketch of casting on which low production was encountered because of molding 
method used. Fig. 2—First method of molding. Fig. 3—Use of cores to simplify 
molding, reduce losses and increase production. 
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deep, and the drag and the “match” 
were about as much as a man could 
handle. With this equipment, a job- 
bing molder made ten castings per 
day, with a heavy loss. 

The arms A-A' are only one in. 
wide, but the whole cope surface 
had to be rammed just to get the 
impression of these arms, or a sur- 
face of 2-in. width, far beneath the 
body of the casting, as shown in 
Fig. 1. 

To simplify the molding opera- 
tion, reduce the cope lift and elimi- 
nate the use of gaggers in the cope, 
a block core 2 in. wide and 7 in. 
long and 5 in. high with plenty of 
taper, to avoid dragging sand when 
the cores were being set, was made. 
Two of these cores were used in each 
mold, one core over each arm. It 
might be well to add that, in the 
manner the “clay match” had to be 
made, the depth of the lift in cope 
was about doubled. In the original 
method, the shrink and_ pressure 
heads of the gates were also in the 
pocket between the arms, which 
complicated matters. 

Figure 3 shows the cores in place. 
Core prints, of course, were added 
to the pattern, which raised the 
parting line level with the joint of 
the flask, as shown. By adding these 
core prints, the cope became prac- 
tically a “flat back” and permitted 
all the green sand between the core 
prints to remain in the “drag” in- 
stead of being lifted in cope, as 
shown in Fig. 2. 

Because this change made the 
parting line so simple and easy, a 
new pattern was made on a “cope 
and drag” molding board, which 
did away with the old “clay match” 
or follow board. The patterns then 
were put on a “rollover machine” 
and the machine molders now make 
60 to 70 castings per day with a 
very small loss. The castings are of 


Fig. 4—When molded in green sand, with- 

out cores, the pockets lifted against one 

another causing high mold repair time and 
low production. 


a better grade and more accurate. 

In cases like the foregoing, some 
foundrymen buy metal flasks with 
joints which follow the irregular 
parting line of the pattern. At times, 
this is a very good way to make 
irregular parting line work, espe- 
cially if that parting is extremely 
irregular. However, metal flasks are 
expensive and a foundry often finds 
itself with a lot of money tied up 
in metal flasks that can be used only 
on one job. Since the new pattern 
design provided a very plain cope 
line, it was found more advisable to 
use a 16x21-in. snap flask with a 
6-in. cope and a 7¥2-in. drag. 

In this case, it was found that the 
snap flask was better than the metal 
flask. With a metal flask, cut to the 
contour of the pattern, the cope 
would have been very unbalanced, 
which would have been awkward to 
handle and would slow down pro- 
duction. 

In Fig. 4, note the pockets, 
marked E, in a simple pattern. 
Aside from these pockets, which 
are 2'-in. deep, 2’%-in. long, and 
15g-in. wide, there would be noth- 
ing to slow down production. How- 
ever, these pockets have very little 
draft and, where two or more pock- 
ets of green sand must be lifted in 
the cope, one usually lifts against 
the other. 

The molder, who originally made 
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this job in a 13x16-in. snap flask, 
was one of the best. However, hx 
had to set “soldiers” or 20-penny, 
clay-washed nails into these pockets 
to bring the pockets up in the cope 
Many times, parts of the green sand 
would pinch off and, because a snap 
flask was used, it was necessary to 
place a board behind the cope to 
lay it flat on the bench so that the 
broken parts could be mended 
Even so, a patched mold resulted. 

As originally molded, a good man 
would make 30 to 38 castings per 
day of the type shown in Fig. 4, de- 
pending on his luck in lifting the 
cope. Whenever “soldiers,’ clay- 
washed nails, etc., have to be used 
by a molder in making a job, it 
involves valuable time and the work 
done is not absolutely safe or fool- 
proof. 

To increase production and elimi- 
nate mold repair time, an impres- 
sion was made of the pockets (E 
in plaster of paris, and a core box 
was built around this plaster im- 
pression. Core prints were added to 
the pattern and the job turned over 
to an apprentice boy. Working piece 
rate on a squeeze machine, he pro- 
duces 100 to 125 castings per day. 
With this small change, any boy in 
the shop can make the work, as all 
of the tricky parts of the operation 
have been removed. 

It does not pay to use a pattern 
which leaves its own green sand 
cores if these cavities cause the least 
possible signs of sticking or washing 
ahead of the iron when the mold is 
poured. In the long run, cores are 
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Fig. 5—Sketch of 5 in. dud shell butt casting. Fig. 6—Points at which defects developed 
in original molding method. Fig. 7—Final method adopted, using two cores instead 
of the green sand used in the original method, 
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cheaper than having a molder play- 
ing with some ticklish job simply to 
avoid making a core. 

Figure 5 shows a sketch of a 5-in. 
dud shell butt to be used for prac- 
When the foundry 
quoted on this job, it was under- 
stood that 
would do. 
drawing showed that the casting was 


tice purposes. 


almost any kind of a 
casting However, the 


to be machined all over. 


Naturally, the foundry started to 
make these castings in the usual 
manner, using only a plain cope, as 
shown in Fig. 6. The samples were 
broken up and it was found that an 
internal shrinkage took 


F), Fig. 6. 


place at 
points marked 


Shrinkage Overcome 

To overcome this shrink, a large 
feeder was set up as shown at (H), 
Fig. 6, which served its purpose, but 
grinding off this feeder cost more 
than to make the casting. However, 
at this stage the work was put into 
production. 

The machine shop, which was in 
another city, did not start to ma- 
chine the castings for some weeks, 
and the foundry had several thou- 
sand made. When the machining 
started finally, it was found that all 
of the castings were scrap, inasmuch 
as it was also found that the cast- 
ings had small dirt and pin holes 
on the top surface shown at (G), 
Fig. 6. Thus, the foundry lost 100 
per cent of several weeks’ work on 
what had seemed to be the simplest 
kind of a job. 

Since the castings now required 
had to be absolutely perfect and 


were required to take a high pol- 
ished finish, it was assumed that the 
castings could not be cast by the 
plain molding system, as originally 
planned, with any degree of safety 
on the part of the foundry. 


Castings Made in Core 

Therefore, it was reasoned that 
the only way to make these castings 
in sufficient quantity was to turn to 
the pattern upside down. To make 
the castings in this position was ol 
course impractical, so one pattern 
was screwed in the center of a core 
box, as shown in Fig. 7, and the 
whole casting was made in a core. 

This core consisted of a base core 
and a body core, as shown in Fig. 7. 
A heavy shrink head was placed in 
the inside center of the pattern, 
which resulted in a big saving to the 
foundry as no grinding was neces- 
sary. The head, after being broken 
off, left only about -in. stili intact 
on the casting, and this was ma- 
chined off in the machine shop 
when the inside of the shell butt 
was machined. 


Core Location 

The body core and the base core 
were made to locate the two core 
parts so that the pouring gate and 
the skim core would member prop- 
erly when the two cores were put 
together. Provision was made in the 
base core to insert a skim core (M) 
and a lead gate, the skim core being 
set in the base core, as shown in 
Fig. 7, which was connected with 
the pouring gate (L). The base 
core was placed on the molding 
floor and the body core placed on 
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top of it and weighted down for 
pouring 


The core boy received around 
7 cents per pair ol these cores, and 
with the sand and oil added, this 
method was less expensive than mak- 
ing the castings in green sand, if it 
had been possible to make them in 
the same position as made in the 
core or as made originally Two 
hundred of these shell butt castings 
were cast daily for many weeks, 
which equalled the production 
reached when the job was started 
in green sand. All of the molders 
in the shop took turns pouring these 
shells at the end of the heat and 


were paid for the pouring 


Pattern Changes 

Malleable foundries often receive 
patterns that are away out of pro- 
portion The castings crack and 
shrink, and serious trouble often de- 
velops if the foundryman tries to 
ignore the characteristics of high 
combined carbon iron 

Under such conditions, the first 
impulse would be to phone or write 
the customer about changing the 
pattern somewhat. A better plan is 
to make a mold in the usual mannet 
and pour it with plaster of paris. 


Have the patternmaker dress this 


plaster cast up neatly along the lines 


desired and make a few castings 
from this plaster cast. This will give 
the customer a working part to try 
out, and the working patterns need 
not be disturbed until it is absolutely 
certain that the foundry trouble has 
been eliminated and the customer 
is satisfied with the castings from the 


new design. 























ETALLURGISTS, in re- 

cent years, have become 

increasingly aware of the 
importance of grain size as a factor 
determining the useful character- 
istics of metal products. Grain size 
control can be applied whenever 
new grains are formed or old ones 
grow during manufacture. 

Usually such grains may form or 
grow either (1) from a solid such 
as by an allotropic transformation 
or by recrystallization and grain 
growth when annealing worked 
materials, or (2) from a liquid melt 
during the process of solidification. 

The application of grain size con- 
trol of new grain formation or 
growth in a solid has been utilized 
for a longer time and with greater 
general success than the application 
of grain size control methods to the 
formation of new grains during 
solidification. 

Indeed, many alloys of various 
base materials are cast today in 
many foundries without any attempt 
at grain size control. The light al- 
loy foundries are outstanding in 
their efforts to control the cast grain 
size, and thereby control one of the 
factors which affects the quality and 
usefulness of their product. 


The importance of grain size con- 


Grain Refinement 


of 


MAGNESIUM CASTING ALLOYS 


By James A. Davis, Research Engineer, L. W. Eastwood, Assistant Supervisor, and James DeHaven, 
Research Engineer, Battelle Memorial Institute, Columbus, Ohio. 


trol in a magnesium foundry is well 
illustrated by the work of Achen- 
bach, Nipper, and Piwowarski' on 
the relationship of grain size and 
foundry characteristics. A recent 
paper by Busk and Phillips? reports a 
systematic investigation on the re- 
lationship of grain size of ASTM-4 
and ASTM-17 alloys to the various 
mechanical properties. 


Hot Shortness 


The foundry characteristic most 
affected by grain size is hot short- 
ness. While the magnesium alloys 
are not particularly hot short, they 
are quite frequently subjected to 
considerable strain after casting and 
while the metal is cooling in the 
mold. 

Magnesium melts have low spe- 
cific heat by weight and are poured 
at relatively low temperatures. Be- 
cause of these two factors and the 
usual thin sections, internal cores do 
not collapse readily, with the result 
that considerable strain is produced 
in the hot castings. 

It is quite well known that epi- 
demics of hot cracks in a magnesium 
foundry are quite frequently associ- 
ated with poor grain refinement. 

The effect of grain size on the 
mechanical properties is quite 








marked. According to Busk and 
Phillips,* an increase in grain size 
from 0.004 in. to 0.015 in. has th 
effects upon 
properties of sand cast test bar: 
shown in Table 1. 

In addition to the adverse effects 
of increased grain size previousl\ 
cited, there is some evidence that an 
increase in grain size interferes wit! 
the solution heat treatment, making 
a longer time at the solution tempe: 
ature necessary. 

The cause of this interference is 
probably twofold: (1) the partici: 
size of the beta constituent tends to 
increase with an increasing grain 
size; (2) the larger grain produces 
a greater distance for diffusion be 
cause the beta particles are generall\ 
concentrated at the grain boundary 
and this soluble constituent at th 
periphery must diffuse into th 
grain. There is also some evidenc: 
that an increase in grain size in 
creases the quantity and augment 
the deleterious effect of grai 
boundary unsoundness such 
microporosity. 

There are factors, such as th 
degree of microporosity and perhap 
the quality of the heat treatmen‘ 
which are more important and hav 
a greater bearing upon the qualit 


various mechanica 





® As part of the general program sponscred b 


the Office of Production 


Research and Development of the War Production Board, and under the 
guidance of the Office of Scientific Research and Development, this paper 
describes a method of obtaining grain refinement in magnesium alloy melts 
which have been degassed and cleaned by methods developed under another 
In general, grain refinement of magnesium alloys con- 
taining aluminum may be obtained by treatment with carbonaceous materials. 


part of the 


rogram. 
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of the casting than its grain size. 
However, the available information 
definitely indicates that grain size 
control in magnesium castings is an 
essential feature of high quality. 

It should be noted that it is quite 
possible to obtain too much grain 
refinement because such fine-grained 
castings, especially with high alumi- 
num content, will germinate and 
produce very large grains up to 1/2 
inch in diameter, or even greater, 
during the heat treatment. When 
such germination occurs, the me- 
chanical properties are very low. 

Such excessively fine grains are 
usually obtained by the combination 
of otherwise acceptable grain refine- 
ment with too rapid solidification, 
as in those parts of castings adjacent 
to chills or in thin fins. 


Commercial Methods 

The present commercial method 
of obtaining grain refinement in 
magnesium alloy melts consists of the 
well-known process of superheating. 
Normally, the metal is melted in a 
large bulk melter, and then trans- 
ferred to refining pots holding from 
60 to 500 Ib. of metal. 

These smal! batches of metal 
are treated with a refining flux at 
around 1325-1350° F. The melts 
then are superheated to 1600- 
1700° F., after which they are 
cooled to the pouring temperature 
and poured as soon thereafter as 
possible. 

This method is generally reliable, 
but there are instances in which the 
grain of certain heats refines with 
greater difficulty than in other heats, 
the exact cause of these variations 
being unknown. 

It is a characteristic of this 
method of obtaining grain refine- 
ment that prolonged heating at 
1700° F. may produce a rathe 
coarse grain.’ Holding the melt at 
fairly low temperatures for a short 
period of time also will produce a 
coarse grain. 

Some variation in grain size from 
melt to melt is a characteristic of 
all casting alloys, magnesium base 
or otherwise, and most of the vari- 
ables which cause these differences 
are unknown. However, some of 
these factors which control the grain 
size of castings poured from properly 
superheated magnesium alloy melts 
are known. 

Among these are the effects of cer- 


Table V’ 


ErFrect oF GRAIN Size INCREASE (0.004 To 0.015 IN.) ON MECHANIGCAI 
PROPERTIES OF MAGNESIUM SAND Cast Test Bars 


Property 
Tensile strength, psi 
Elongation, per cent in 2 in 
lensile impact resistance, ft.-lb 
Endurance limit*** 


*ASTM-4 contains about 6 per cent aluminum, 3 per cent zinc, and | 


17 contains about 9 2 


**Elongation values for heat-treated and aged 
duced by the increase in grain size is inconclusive 


Reduction in Properties, per cent 

Heat Treated Heat Treated 
and Aged and Aged 
1ST M-4* 4STM-17* 


Heat Treated 
4STM-4* 
1? 
5 
30 
25 


ASTM 


2 per cent manganese 


per cent aluminum, < per cent zinc, and U.2 per cent manganese 
ASTM-17 are low, and the reduction, if any, pro 


***Data for ASTM-4 alloy, heat treated, are somewhat scattered The data on ASTM-17 alloy 


heat treated and aged, are somewhat limited 


tain minor elements and the amount 
of scrap in the form of gates and 
risers in the charge. Beryllium, calci- 
um, and cerium increase the grain 
size markedly. 

It is sometimes claimed that a 
fine-grained ingot will produce finer 
grained castings than a coarse- 
grained ingot. Consequently, it 
would be expected that the larger 
proportion of scrap from castings 
poured from superheated metal in 
the charge, the finer the grain of the 
castings poured from the melt. 


Superheating Magnesium Alloys 


In general, however, most of the 
superheating effect is lost upon re- 
melting and very little carry-over of 
grain refinement from the preceding 
melting operation can be detected. 

It should be noted that the re- 
sults of the work on W.P.B. Project 
NRC-550* on carbothermic magne- 
sium showed that it differs from 
electrolytic metal in respect to the 
factors determining its grain size in 
castings. This project was carried 
on concurrently with W.P.B. Project 
NRC-546, a portion of the results 
of which are reported in this paper. 

On the basis of the results ob- 
tained in this work, the differences 
noted between carbothermic and 
electrolytic magnesium are probably 
caused by the larger amounts of car- 
bon in the carbothermic metal. 

It must be concluded that the 
present commercial method of , ob- 
taining grain refinement in mag- 
nesium alloys by superheating is very 
widely used and is generally success- 
ful. However, the method has cer- 
tain disadvantages: 

1. The process is carried out on 
relatively small batches of metal. 
This is partly necessitated by the 
fairly rapid cooling required from 
the superheating temperature, and 


in part by the present commercial 
methods of cleaning the melt. In 
any event, the handling of small 
batches of metal requires a consid- 
erable number of small furnaces for 
the refining and superheating oper 
ation. 

2. The relatively high tempera 
ture of the superheating operation 
requires considerable time and fuel, 
and the exposure of the steel pot 
to the high temperatures causes de- 
terioration of the pot and shortens 
its life, thereby increasing the cost 
of the melting operation. 

3. The exposure of the melt to 
the steel pot at high temperatures 
also accentuates iron absorption, 
which decreases the resistance of the 
alloy to corrosion. 

4. Because of the time, fuel, and 
labor required, as well as the con- 
siderable amount of equipment and 
short pot life, the cost of the process 
is substantial. 

5. The 


that portion of the melting room 


working conditions in 
devoted to the refining and super- 
heating operation are not generally 
good, particularly during warm - 
weather. 

6. The temperature-time cycle 
must be carefully controlled if uni- 
form 
Any delay, necessitating holding the 
metal near the pouring temperature 
after the superheating operation, 
tends to coarsen the grain and nul- 
lify the superheating effects. 


results are to be obtained. 


New Method of Grain Refinement 


Although the superheating opera- 
tion for grain refinement has been 
used for many years in foundry oper- 
ation, it is quite evident that some 
improvement in the process would 
be desirable. 

In the early part of the work on 
W.P.B. Project NRC-546,* it was 
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reported that certain carbonaceous 
gases produced grain refinement it 
they were bubbled through the me!t 
for a few minutes at a melt temper- 
ature near 1400° F. The initial re- 
sults definitely indicated that the 
grain refinement obtained by this 
method was at least equivalent to 
that obtained by the normally used 
superheating operation. 

Since this method could be ap- 
plied to large melts at substantially 
lower temperatures than those used 
in superheating, the process did 
appear to have considerable prac- 
tical possibilities. Consequently, ex- 
perimental and development work 
was started to obtain the necessary 
information to apply the procedure 
on a sound and practical basis. 

A new method of degassing and 
cleaning the melt to replace the 
normally used refining flux also has 
been developed, as described in a 
separate paper.® 

This cleaning and degassing oper- 
ition was applicable to large melts, 
also. It was logical, therefore, that 
a simple grain-refining operation ap- 
plicable to large melts previously 
treated with a refining flux or with 
chlorine was also desirable. 

Experimental Work 

For this reason, most of the ex- 
perimental work on grain refining 
was done on melts which had pre- 
viously been cleaned and degassed 
with chlorine. In general, the grain- 
refining operation might precede, be 
simultaneous with, or follow the 
cleaning and degassing operation. 

The experimental methods were 
quite similar to those described in 





GRAIN REFINEMENT OF MAGNESIU} 











Ky 
ta 
3 


ix kil ~~ 25" + 
& i PENNS BS 
| | t 
j 
| 
| 7 
| 
a 
‘ + 
het r 
= $= PARTING LINE 
| W 
as as 
A 3" s = 7 
= ~ 2 - 
e - An-A 
qe 35. - 
3% 
~ 
"rR 
| \ 
\— 
t J VS 
\ 








Fig. 2—Views of the wedge casting used in the investigation. 


the paper on the reduction of micro- 
porosity.° The usual synthetic green 
sand, consisting of silica sand with 4 
per cent of bentonite, 1 per cent of 
boric acid, 3 per cent of sulphur, 
and | per cent of glycol, tempered 
with about 2 per cent of water, was 
used for green sand molds. 

The melts were prepared either 
by the standard commercial method 
of using a refining flux such as No. 
310, or more usually they were 
cleaned and degassed with chlorine 
as described in a separate paper.’ 
The mechanical properties of test 
bars were obtained by using the 
four-bar castings shown by Fig. 1. 

The melt quality, in respect to gas 
content, was obtained as described 
in reference 5 by using the wedge 
casting shown by Figs. 2, 3, and +4. 





The use of these two castings, thi 
four-bar and the wedge, also makes 
it possible to obtain data on _ the 
grain size obtained in a relatively 
light and in a relatively heavy sec 
tion. 

All grain size measurements wer¢ 
made on test bars and at a point 
about one in. above the bottom of 
the wedge by comparison with th 
Dow grain-size chart. All grain siz 
measurements are expressed in thou- 
sandths of an inch, because this 
method has greater physical signifi 
cance and is more readily visualized 
than grain size numbers or the num- 
ber of grains per unit of area. 


Cooling Rate 

The grain size depends to som 
extent upon the cooling rate; there- 
fore, test bars in general have a grain 
size of 0.001 to 0.002 in. finer than 
samples cut from the bottom of th: 
wedge castings where solidification 
is slower. 

It will be shown later that the 
pouring temperature has relatively) 
no effect upon the grain size of th 
sand castings, except at very low 
pouring temperatures. Consequently 
this factor, though more or less o! 
a variable in the foundry operation 
is not very important in its effec 
upon the resulting grain size of th 
sand castings. 

Experience has indicated that 
light, fine-grained sand casting 
such as the four-bar casting, wil 
have a grain size of approximate! 


Fig. !—Four-bar pattern test-bar casting 
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Fig. 3—Photograph of the wedge casting. 


0.004 in., whereas the wedge cast- 
ing poured from the same melt gen- 
erally will have a grain size of 0.005 
to 0.006 in. because of the heavier 
section and slower rate of solidffica- 
tion. 
Very 


have a smaller grain size than this, 


fine-grained castings will 
whereas coarser-grained castings 
may be considerably coarser than the 
figures given. Qualitatively, the 
grain size may be classified into five 
groups as being very fine, fine, 
moderately fine, slightly coarse, and 
coarse. Table 2 shows the grain 
sizes of the four-bar and wedge cast- 
ings corresponding to these five 
groups. 

In general, when grain sizes of 
0.002 or 0.003 in. are formed by the 
attainments of good grain refine- 


ment plus rapid cooling, such as 


Table 2 
GRAIN SIZE GROUPS 


rain Size Grain Size, in. - 
Qualitative Wedge Test bar 


Very fine 0.004 or less 0.003 or less 
Fine 0.005 0.004 
Moderately fine 0.006-0.007 0.005-0.006 
Slightly coarse 0.008 0.007 
Coarse 0.009 and 0.008 and 


above above 


obtained next to a chill or in a thin 
fin, these fine grains may grow dur- 
ing heat treatment to form exces- 
sively coarse grains or “germinated 
grains.” Consequently, these very 
coarse grains produce a very defec- 
tive casting. 

This defect is particularly apt to 
occur in alloys having a high alumi- 
num content. Accordingly, exces- 
sively fine grains should be avoided 
and thin fins should be removed 
from the casting before the solution 
heat-treatment operation.® 

Effect of Grain Size upon Micro- 
porosity Occurrence—It was noted 
previously that grain size control 
was necessary, and one of the rea- 
sons cited was that microporosity 
tends to be more pronounced with 
coarse grain. 

Several heats were made in which 
the melt was carefully cleaned 
with No. 340 flux that had been 
thoroughly melted and dried before 
it was stirred into the melt. Some 
of these heats were superheated to 





produce grain refinement, while 
others were not. The results of this 
work are summarized in Table 3. 

These data on the height of sound 
indicate that the 


coarse grain accentuates the occur- 


metal definitely 


rence of microporosity in the wedge 
casting. The reason for this is not 
altogether clear, but it is probably 
logical that the difficulties of feeding 
the space around each individual 
grain in the partially solidified melt 
increases with an increase in grain 
size. 

Grain Refinement by Use of Vani- 
ous Carbon-Containing Gases It 
was found in 
that gases, such as carbon dioxide, 
acetylene, and natural gas, all pro- 
duced grain refinement equivalent 
to that obtained by the normal 
superheating operation. 


early experiments 


To avoid gassing the melt, it is, 
of course, necessary to use dry gases 
for the attainment of grain refine- 
ment. The dry natural gas was very 
effective and readily available. 
Therefore, most of the work on this 
type of grain refinement was per- 
formed with this gas. 

The hydrogen in the natural gas 
apparently did not break down into 
atomic hydrogen, but rather into 
molecular hydrogen, a form which 


is not readily absorbed by the melt 

rypical results obtained on ten 
different heats in which the grain 
was refined by bubbling dry natural 
gas into the melt are listed in 
Table 4 

These data clearly show that good 
grain refinement has been obtained 
by bubbling natural gas through the 
melt for 
ture of about 1400° F 


) min. at a melt tempera- 


Attempts were also made to ob- 


tain simultaneous degassing and 
grain refinement by using chlorine 
and dry natural gas at the same 
time. These results were generally 
unsatisfactory; apparently the small 
amount of carbon which is formed 
in the melt is rapidly swept out by 
the chlorine before it has an oppor- 
tunity to dissolve preparatory to its 
function as a 


stituent. 


grain-refining con- 


It was of considerable interest to 
know whether or not the dry natural 
gas effectively refined commercially 
pure magnesium and the effect, if 
any, of the three common alloying 
constituents present in commercial 
alloys. 

These three common alloying con- 
stituents are aluminum, zinc, and 
manganese. Consequently, one melt 
each of commercially pure magne- 


Table 3 7 


EFFect or GRAIN SIZE ON OCCURRENCE OF MICROPOROSITY 


Number 


Heats Metal Treatment Min. 
7 Cleaned with No. 310 flux, 
using good practice, not su- 

perheated. 2% 
Cleaned with No. 310 flux, 
using good practice, melt su- 

perheated. 3% 


Height of 
Sound Metal 
in Wedge, in. - -- - 


Ai erage 

Grain Tine 
in Wedge, in 
Max. Avg Min Max Avg 


0.010 0.040 0.020 


3% 0.004 0.007 0.005 
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sium, magnesium with 1.5 per cent 
of manganese, magnesium with 3 
per cent of zinc, and magnesium 
with 6 per cent of aluminum was 
melted and the melt treated with 
natural gas at a temperature near 
1400° F. (Table 5). 

The results listed in Table 5 
clearly show that alumiuum is nec- 
essary in the melt before grain re- 
finement can be obtained by the use 
of a carbon-containing material as 
a grain-refining agent. This limita- 
tion is also apparently true for the 
superheating operation. The theo- 
retical significance of these data will 
be discussed later. 


Natural Gas Treatment 

The optimum melt temperature 
for the natural gas treatment is, of 
course, of considerable practical in- 
terest. Several heats were prepared 
and the melt treated as indicated by 
the date in Table 6. 

The melts treated 
natural gas, using progressively in- 
creasing melt temperatures at the 
time of the grain-refining treatment. 
The results on the mechanical prop- 
erties and grain size of the wedge 
and test bar are shown also by 
lable 6. 

These results definitely indicate 
that a melt temperature at the time 
of the natural gas treatment should 
not be less than 1350° F. The theo- 
retical significance of this observa- 
tion will be discussed further at a 
later point in the paper. 

The effect of time of natural gas 


were with 
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Table 4 


GRAIN REFINEMENT BY UsE oF CARBON-CONTAINING GAS 











Number —— Grain Size, in. ————— 
0 — Wedge Test Bar — 
Heats Min. Max. Avg. Min. Max. Avg 
10 Treated with natural gas after 
a chlorine flux, melt treated 
at about 1400° F. 0.004 0.020 0.008* 0.003 0.007 0.005 


*One of the wedges poured in the 10 heats had a grain size of 0.020, while the test bar 


from the same melt ad a grain size of 0.004, 


Eliminatin 


OUT 
this erratic grain size, the wedges oo 


range of grain size of 0.009 to 0.004 and an average of 0.0065. 


treatment at a melt temperature of 
1400° F. was investigated. The melt 
was first cleaned and degassed with 
chlorine, after which the grain size 
of the wedge and test bar were both 
about 0.010 to 0.015 in. 


After treating the melt for 3 min. 
with dry natural gas, the grain size 
of the test bar was 0.006 in., and 
after a treatment of 6 min. the grain 
size was 0.004 in. No further im- 
provement occurred, although the 
melt was treated with dry natural 
gas for 2 hr., during which time sev- 
eral test castings were poured. 

The reduction in grain size effect- 
ed during the first 6 min. of the dry 
natural gas treatment was also re- 
flected in slightly higher tensile 
properties. 

The effect of remelting and the 
effect of holding at 1350° F. was in- 
vestigated, using melts of ASTM-4, 
ASTM-17, A-8, and AZ-91 alloy 
compositions which had been treated 
with the dry natural gas. 

It was found that remelting and 
re-treating with dry natural gas did 
not produce a finer grain by succes- 
sive treatments than that obtained 


Fig. 4—Radiograph of the wedge casting showing the distribution of microporosity 
represented by the dark, cloudy areas on the photograph. 























by the first treatment. 

It was also found that the grai 
size of ASTM-4 alloy was coarsen: 
somewhat by holding the melt 
1300° F. However, ASTM-17, A-! 
and AZ-91 compositions were nm 
markedly coarsened by this holdin 
treatment. It is quite likely that 
lower holding temperature would 
have coarsened all of the alloys. |: 
this instance the effect of holding th: 
ASTM-4 composition after the nat 
ural gas treatment is quite simila: 
to the effects produced by holding 
at the same temperature after super- 
heating. 

Carbonaceous Gas Treatment 

It may be concluded that a treat 
ment with a carbon-containing gas 
such as dry natural gas, refines th: 
grain as effectively as the standard 
superheating treatment.  Further- 
more, about a 6-min. treatment 
ample for a heat of approximate) 
120 Ib. 

Like grain refinement by super- 
heating, the grain refinement ob- 
tained with dry natural gas is lost 
by remelting and by holding th 
melt at a low temperature. How 
ever, additional experience does in 
dicate that metal which has been 
treated with a carbon - containing 
material does sometimes show an 
unusually fine grain when the meta! 
is remelted. 

Such a carry-over of grain refine- 
ment is not reliable. Later experi- 
ence also indicates that melts which 
have been treated with a carbon- 
containing material do not coarsen 
quite so rapidly as superheated 
metal, and then only at very low | 
temperatures near 1250° F. 

As compared with grain refine- | 


ment by superheating, the new 
method of treating with a carbon:- 
ceous gas has the following adva 
tages: § 
1. It probably can be applied ‘o \ 
large melts. c 
2. When used in conjunctin 
1 ¢ 


with cleaning and degassing wi'! 
chlorine® the refining furnace can 
eliminated, with consequent sav’ 


— 
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Table 5 


RELATIONSHIP OF ALLOY COMPOSITION AND GRAIN REFINEMENT OBTAINED BY NATURAL GAS 


Height of —~-— Mechanical Properties* 


Sound 
Pour- Metal Tensile Yield Elongation tion 
Condition ing t Grain Strength, Strength, in 2In., of Area, 
pu. - ~3.-— ~ per cent per cent 


n 

an Castings Temp , Wedge, Size, oaaiall 
Alloy Treatment Poured 7. in. in Min Avg Min Avg Min. Avg Avg 
1400 Colum- 


Comm. Cl, flux, 15 min. at Wedge 
pure 1250-1310° F. Test Bar nar 
Mg Natural gas, 5 min. at Wedge 1400 Colum- 

1400’ F. Test Bar nar 
Dow Cl, flux, 15 min. at Wedge 1400 5 
M 1350-1400° F. 

(1.5 per Natural gas, 5 min. at Wedge 1400 4% 

ct. Mn 1350° F. Test Bar 
Mg Cl; flux, 15 min. at Wedge 1400 4 

re 


Reduc- 


10,700 10,750 6,700 iwae 25 23 14 


10,300 10,800 2,000 2.450 5.7 58 48 


0.060 
0.100 


0.035 
0.025 6,250 


9,150 


23,600 
26,600 


6,200 
9,100 


1260-1310° F. Test Bar 
3 per 
cent Zn Natural gas, 5 min. at Wedge 1400 
1400° F. Test Bar 


0.035 
0.026 24,600 


25,700 


6,200 
10,000 


6,250 
10,100 
0.012 


Cl; flux, 15 min. at Wedge 1395 
0.007 


a 1260-1310° F. Test Bar 
6 per 
cent Al Natural gas, 5 min. at Wedge 1400 
B 1400° F. Test Bar 


34,400 
33,800 


10,700 
11,500 


10,750 
11,750 
0.007 

50 15.7 


36,100 11,200 1 


0.004 H.T. 


H. 32,500 


*Mechanical properties based on the results from two test bars. 


1,7 
12,800 12,850 9.6 











in time, equipment, and pot life. 
While these advantages over the 
regular superheating method are 
considerable, further work was done 
in order to obtain an easier and 
simpler method of attaining grain 
refinement. 

Grain Refinement by Use of Solid 
Carbonaceous Materials—Since car- 
bon appeared to be the material 
which produced the grain refine- 
ment, some investigation was made 
of solid carbon-containing additions 
to the melts. 


Solid Grain Refiners 


The various materials tried con- 
sisted of granulated graphite, granu- 
lated aluminum carbide, granulated 
silicon carbide, and granulated high- 
manganese high-carbon ferroman- 
ganese. It has been noted that 
before grain refinement could be ob- 
tained by the use of a carbonaceous 
gas, aluminum was necessary in the 
melt. 

Since the necessary ingredients 
were carbon and aluminum, it 
seemed logicai that the carbide 
Al,C; might be an effective grain 
refiner. Several attempts were made 
to refine the grain with these various 
solid grain refiners. 

All of these materials produced 
grain refinement, although there 
were instances in which the results 
obtained were rather erratic. These 
failures were attributed to the diffi- 
culty of placing these solid materials 
into the melt without allowing them 
to become entrapped in flux and 


dross, which would prevent their 
partial absorption by the melt. 

Most of these experiments were 
performed by first cleaning the melt 
with chlorine, and then adding the 
solid carbonaceous material. There 
is, of course, the possibility of using 
such materials during the melting 
down period, after. which the melt 
could be cleaned and degassed with 
chlorine. 

It was concluded, however, that 
while such materials do produce 
grain refinement, the results are not 
sufficiently reliable to be practical. 

One rather interesting observation 
made during the course of this in- 
vestigation was the remarkable grain 
refinement obtained by melting in a 
silicon-carbide crucible. 

Such crucibles contain a consider- 
able amount of silicon carbide, SiC. 
Approximately 20 melts were made 
in silicon-carbide crucibles, and in 
each instance the grain size was very 
fine. 

This grain refinement was attrib- 
uted to the absorption of some car- 
bide by the contact of the melt with 
the pot surface. Some silicon pickup 
was also observed, this amounting 
to about 0.005 per cent. 

Such pots have the advantage of 
thus providing automatic grain re- 
finement, and they also eliminate 
iron absorption during the melting 
operation. This avoidance of iron 
absorption should considerably im- 
prove the resistance of the alloys to 
corrosion. 

The silicon pickup is somewhat 


objectionable and, with the repeated 
remelting that is necessary in the 
ordinary sand foundry, the amount 
of the silicon pickup would become 
more substantial. 

A further disadvantage of the sili- 
con-carbide crucible for large melt- 
ing units is the possibility that the 
refractory will be penetrated by the 
flux which is required during the 
melting down operation. These 
fluxes are very hygroscopic, causing 
considerable deterioration of the re- 
fractory when the crucible is not in 
use. 

It is concluded, however, that the 
silicon - carbide crucibles, possibly 
with a carbon lining® for large bulk 
melters, might have some practical 
possibilities if they were substituted 
for the present steel pots. 


Organic Chlorides Used 


Grain Refinement by Use of Vola- 
tile Organic Chlorides — Since the 
active grain-refining agent is carbon, 
it appeared logical that this element 
might most advantageously be added 
to the melt by the use of an organic 
chloride. 

Such chlorides combine with the 
magnesium melt to form magnesium 
chloride and free carbon. This free 
carbon is in the finely divided state 
ideal for absorption by the melt. 

The chlorides investigated were 
carbon hexachloride (C,C1,) and 
carbon tetrachloride (CC1,). The 
first chloride is a solid at ordinary 
temperature and pressure, but it 
volatilizes quite readily. Conse- 
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quently, it was added by means of 
an inverted cup which was inserted 
into the melt. 

The heat caused the chloride to 
vaporize and the bubbled 
through the melt, which was main- 


vape or 


tained at a temperature near 1400 
F. These materials produced excel- 
lent and reliable grain refinement in 
all instances. 

In addition to grain refinement. 
they also produced at least some de- 
gassing and cleaning simultaneously. 
However, the of the melt 
with the solid chloride is too short 


contact 


for complete degassing and cleaning. 

The liquid carbon tetrachloride, 
however, vaporized and the 
melt was subjected to this’ vapor for 
10 to 15 min. in a manner similar 
to the ordinary chlorine flux. This 
treatment not only produced grain 
refinement, but also cleaning and 
degassing equivalent to that obtained 


was 


with chlorine.® 


Chlorine-Carbon Tetrachloride 

While the tetrachloride 
effectively degassed, cleaned, and 
produced grain refinement simultan- 
eously, considerable difficulty was 
encountered when introducing it 
into the melt. A substantial volume 
of carbon was formed by the reac- 
tion with the magnesium melt. 

This carbon tended to clog the 
fluxing tube, thereby causing some 
mechanical difficulty. This indicated 
that too much carbon tetrachloride 
was being used; therefore, the possi- 
bility of using a mixture of chlorine 


carbon 





and carbon tetrachloride was inves- 
tigated. 

Cleaning, Degassing, and Grain 
Refining in One Operation—Con- 
siderable investigation has been 
made using a mixture of chlorine 
and carbon tetrachloride for simul- 
taneously cleaning, degassing, and 
grain refining. When this mixture is 
used, the procedure is substantially 
the same as when fluxing with 
chlorine alone. 

The only difference is that the 
chlorine is bubbled through a bath 
of carbon tetrachloride. The latter 
is volatile and a portion of it is 
vaporized and carried over with the 
chlorine into the magnesium melt. 


Vapor Temperature 

The higher the temperature of the 
carbon tetrachloride bath, the 
greater the amount of the vapor car- 
ried over. Since both the chlorine 
and the carbon tetrachloride change 
from a liquid phase to a vapor 
phase, both are cooled during use. 
Consequently, it is necessary to keep 
the bath of the carbon tetrachloride 
at least up to room temperature. 

The small carbon tetrachloride 
baths used experimentally would 
drop during use to a temperature of 
about 55° F. unless some heat is ap- 
plied by means of a water bath. At 
this temperature the vapor pressure 
is low and not much of the chloride 
is carried over with the chlorine. 

A considerable amount of data 
has been obtained on this method 
of metal treatment, and only a por- 


Table 6 
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tion of this is presented in th 
paper. Table 7 shows some typic: 
obtained with the mixtu 
bubbling chlorin 


results 
produced by 
through a carbon tetrachloride bat! 
maintained at various temperatur 
levels. 

Table 7 shows the effect of th 
fluxing treatment upon the gas cor 
tent of the melt as revealed by th 
height of sound metal in the wedge 
the grain size obtained in the wedg 
and test bar before and after th 
metal treatment and after holding 
for a period of 15 min. after th 
metal treatment. The effects on th 
mechanical properties are als, 
shown. 

Table 8 shows the grain refin 
ment obtained by the use of the 
mixture, the effect of holding at 
various temperatures, and the effect 
of reheating after the melt has been 
held at a low temperature. These 
data are the average results obtained 
on one heat of A-8, AZ-91, ASTM- 
4, and ASTM-17 alloys. 


Grain Sizes 


Minimum, maximum, and _ aver- 
age grain sizes in the wedge and test 
bar are shown. The maximum grain 
sizes listed are the largest grains re- 
ported on any portion of a test bar 
rather than the average 
grain size of the test bar. These melts 
were prepared from 75 per cent 
scrap and 25 per cent new ingots 

It will be noted that the grain 
size after melting and before the 


treatment with the chlorine and car- 


coarsest 


EFrFect oF MELT TEMPERATURE ON THE GRAIN REFINEMENT OBTAINED BY NATURAL GaAs* 


Height of ————— Mechanical Properties** 
Soun ; , Reduc 
Pour- Metal Tensile Yield Elongation tion 
Speci- Condition ing in Grain Heat Strength, Strength, in 2In., of Area, 
men an Castings Temp., Wedge, Size, Treat- ; - —— $88. —percent— per cent 
No. Alloy Treatment Poceed OF in. in. ment Min. Avg. Min. Avg. fin. Avg. vg 
208A¢t ASTM _ Cleaned with No. 310 Wedge 1350 1 0.015 
A 4 flux first, then natural Test Bar 1340 0.015 H.T. 36,100 36,100 11,600 11,700 95 10.0 8.2 
B gas 5 min. at 1220° F. Test Bar H.T.A. 34,000 34,450 16,400 16,500 3.9 44 4.6 
209A¢t ASTM Same as 208A, except Wedge 1370 '% 0.007 
A 4 natural gas added to Test Bar A.C. 30,900 31,150 13,600 13,750 6.7 7.0 8.3 
B melt at 1300° F. Test Bar 0.006 H.T. 39,200 39,850 12,600 12,600 11.0 12.8 14.1 
H.T.A. 39,300 39,800 16,500 17,050 58 6.0 6.7 
168A ASTM Same as 208A, except Wedge 1390 1% 0.004 
A 4 natural gas added to Test Bar 0.003 A.C. 31,800 32,450 14,500 14,950 7.0 7.8 7.1 
B melt at 1360° F. Wedge 1% 0.004 
B Test Bar .T. 43,000 43,300 14,400 14,450 17.3 17.3 20. 
H.T.A. 41,800 42,950 19,600 19,900 59 68 7.0 
210A¢ ASTM Same as 208A, except Wedge 1390 1 0.004 , a 
A 4 natural gas added to Test Bar 0.003 A.C. 31,100 31,700 14,800 14,050 60 63 6.5 
B melt at 1400° F. Test Bar H.T. 41,800 42,400 13,500 14,000 13.8 15.1 15.6 
H.T.A. 42,700 42,900 17,600 18,550 7.2 7.4 7.5 
211A¢ ASTM _ Same as 208A, except Wedge 1400 % 0.005 
A 4 natural gas added to Test Bar 0.003 A.C. 30,800 31,150 15,150 15,150 54 58 6.7 
B melt at 1500° F. Test Bar H.T. 38,800 40,800 13,400 13,800 11.0 13.0 15.9 
H.T.A. 37,700 38,850 17,300 18,450 4.3 5.0 5.7 


*Cleaned with No. 310 flux only. 
**Mechanical properties based on results from two test bars. 
tCarbothermic metal. 
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oF SIMULTANEOUS CLEANING, DEGASSING, 


Condition 
an 
Treatment 
Cleaned with unfused 
No. 310 flux. 


Cleaned with Cl- 
CCl, mixture, CCl, 
in water bath at 70° 
F. 0.03 Ib. CCl, used. 
Treated 15 min. at 
1380-1430° F. 
Cleaned with un- 
fused No. 310 flux 


Fluxed same as 409B, 
but water bath at 80 
F. 0.22 Ib. CCl, used. 
Held at 1400° F. 

15 min. after flux. 
Cleaned with un- 
fused No. 310 flux. 


Cleaned same as 409B, 
except water bath at 
90° F. and 0.33 Ib. 
CCl, used. 

Held at 1400° F. for 


15 min. after cleaning. 


Table 7 


AND GRAIN 





Height of 


REFINING WiTH Cl,-CCl, Mrxturt 











Mechanical Pr 


pert 


Soun Reduc 
Pour- Metal Grain Tensile Yield Elongation tion 
ing in Size Heat Strength, Strength m ods of Area 
Castings Temp., Wedge in Treat- ps psi per cent per cent 
ene F mm x 10 ment Min Avg Min. Avg Min. Avg Avg 
Wedge 1400 1% # 15-30 
Test Bar 1390 12-30 A.C 24.800 11,300 4.4 3 
H.T 31.400 32,200 11,000 12,700 5.7 7.3 9.3 
Wedge 1400 2% 6-8 
Test Bar 1390 6-7 A.C 28,900 13,000 6.1 5.6 
H.1 39. 800 49 900 13,200 l 3,200 12.5 12.9 15.0 
Wedge 1400 2 ; 
Test Bar 1390 12-25 A.C 27,600 11,900 5.7 5.5 
H.1 33,000 33,600 11,400 12,400 88 8.9 10.7 
Wedge 1400 2 5.7 
Test Bar 1390 +-5 A.C. 28,100 14,200 45 4.3 
H.T. 42,500 42,500 13,400 13,400 14.6 15.3 16.1 
Test Bar 1400 7-8 A.C. 26,800 13,800 44 4.7 
H.T. 38,600 39,200 12,100 12,700 11.4 11.9 13.8 
Wedge 1400 2% 25-5 
Test Bar 1390 12-30 A.C 26,300 11,400 48 5.6 
H.T. 27.200 29.800 11,000 11,000 7.9 10.0 62 
Wedge 1400 3% 6-7 
Test Bar 1390 5- A 26,100 14,300 5.0 48 
H.T 37,900 38,300 13,200 13,400 11.6 12.1 13.8 
Test Bar 1400 4-5 A.C. 28,600 14,100 5.4 6.7 
H.T. 39,800 40,500 12,800 13,200 11.8 12.2 14.1 




















chlorine 


9 shows the effect of 


ingots 


and carbon 


bon tetrachloride is rather fine, and 
much finer than the as-melted grain 
size reported in Table 7, these latter 
heats having been prepared from all 
new ingots none of which had been 
inoculated with carbon 
containing materials. 
Table 
melting 
poured from a melt treated with 


or carbon- 
re- 


which had _ been 


tetrachloride. 


work that mixtures of chlorine and 
carbon tetrachloride have consider- 
able practical possibilities in the 
foundry. While large melts of 2000 
lb. have not been treated, it is quite 
likely that the method would be ap- 
plicable to such large quantities of 
metal. 

It is merely necessary to melt the 
ingot and scrap, using a_ small 
amount of flux to prevent burning 





The as-melted grain size is again 
moderately fine because this ma- 
terial also was 75 per cent scrap and 
25 per cent new metal. 

It will be noted that the 
ingot is remelted and heated to and 
poured from a temperature of 1260 


when 


F., the grain size is rather coarse. 
As the temperature was increased, 
the grain size decreaséd, indicating 
that the grain-refining constituent 
was taken into solution, in which 
condition it could be an effective 
grain refiner. 

The decreasing grain size with 
increasing temperature was effected 
without any stirring or other agita- 
tion of the melt. It also will be 
noted that as the melt was allowed 
to cool again, grain coarsening did 
not occur. This is attributed to the 
relatively short time required to 
cool the melt, a time period which 
is not sufficient to allow grain 
coarsening. 

It may be concluded from this 


during the melting operation. When 
the melt reaches a temperature of 
around 1300° F., it may be cleaned, 
degassed, and the grain refined dur- 
ing the heating-up operation by 
passing a mixture of chlorine and 
carbon tetrachloride through the 
melt by means of a carbon tube. 

It is believed that high quality 
melts can be prepared in this way. 
However, it should be pointed out 
that there is a possibility of the melt 
being damaged during the transfer 
from the large melting furnace to 
the mold. Work on this problem has 
only begun. 

One of the obvious objections to 
of chlorine and carbon 


the use 
tetrachloride mixtures is the toxic 
effect of these materials. Chlorine 


has been widely used in aluminum 
foundries in which the fume prob- 
lem has been successfully handled. 

Since the metal treatment is con- 
fined to a few large furnaces rather 
than to many small ones, it is be- 


lieved that suitable hoods could be 
constructed over the tilt furnaces to 
carry away the fumes, and that the 
resulting atmosphere in the melting 
room might be somewhat superior 
that 
commercial methods. 


to now existing with present 

There are many materials which, 
if added to pure magnesium, will 
produce considerable grain refine- 
ment. Commercially 
sium tends to be very coarse-grained, 
frequently of a _ long 
form. The addition of either zin< 
aluminum, alumi- 
will 


pure magne- 
columnar 


particularly 
very substantial 


or 
num, 
decrease in the resulting cast grain 
size. 


Cause a 


Similar effects are common among 
all cast metals. These effects might 
be regarded as gross grain refine- 


ment. However, when additional 
grain refinement of these alloys is 
attempted, the problem becomes 


considerably more difficult. There 
is some evidence that effective grain 
refiners in aluminum-base materials 
have limited solubility in the solid 
state and are characterized by a very 
steeply rising liquidus line, begin- 
ning very near the aluminum end of 
the diagram. 

It is quite possible and entirely 
logical that effective grain refiners 
of cast materials must have slight 
solubility in the liquid metal. Ap- 
parently, also, this grain - refining 
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Table 8 


Errect or HoLtpiInGc MELT at VARIOUS TEMPERATURES AFTER C],-CCl, TREATMENT AT 1400° F., AND Errect « 
REHEATING TO 1450° F. Arrer HoLtpinc MELT at Various Lower TEMPERATURES 


After Holding 3 to 4 Hr 
Reheating to 1450° F., and 
After Cl2-CCly Treatment — Stirring Gently— 





After Melting ——— 





—— Wedge Data —— —Wedge Data—— Grain Size of Test Wedge Data—— 
Height of Test Bar Height of Test Bar —— Bar After Holding — Height of Test Bar 
No Sound Grain Grain Sound Grain Grain Holding 2,3 Sound Grain Grain 
of Metal, Size, Size, Metal, Size, Size, Temp., Y-1 and 4 Metal, Size, Size, 
Heats in in. in. in. in. in. °F. 15 Min. Hr. Hr. in. in. in 
4* Min. ¥e 0.004 0.004 2% 0.005 0.004 1230 860.006 0.008 0.010 2% 0.005 0.004 
Max. 2” 0.006 0.005 2% 0.010 0.008 to 0.015 0.015 0.030 3% 0.007 0.005 
Avg. 1 0.005 0.004 2% 0.007 0.006 1260 0.010 0.011 0.016 0.006 0.004 
4* Min. ¥g 0.005 0.004 2% 0.006 0.004 0.004 0.003 0.004 3% 0.005 0.004 
Max 1% 0.008 0.010 3 0.012 0.006 0.010 0.010 0.010 3 0.006 0.007 
Avg. 1% 0.007 0.007 2% 0.009 0.005 1300 0.006 0.005 0.007 3% 0.005 0.005 
4* Min. 0 0.004 0.004 1% 0.005 0.004 0.003 0.003 0.004 23% 0.004 0.004 
Max. Y“%y 0.008 0.010 2% 0.007 0.007 0.005 0.008 0.010 2% 0.006 0.006 
Avg. 0 0.006 0.007 2% 0.006 0.005 1400 0.004 0.0045 0.0055 2Yat 0.005¢ 0.004+ 
4* Min. 0 0.005 0.005 2 0.005 0.003 0.004 0.004 0.004 2 0.003 0.003 
Max. VY 0.007 0.006 2% 0.010 0.006 0.007 0.008 0.008 2% 0.008 0.006 
Avg. “4 0.006 0.0055 2% 0.008 0.005 1500 0.0055 0.0055 0.005 “4 0.9075 0.004 


*One heat each of ASTM-4, ASTM-17, A-8, and AZ-91 alloys, using 25 per cent new ingot and 75 per cent scrap formerly treated with carbon-co: 


taining materials 
tStirred gently 3 min. 


constituent which is in solution must 
precipitate out of the melt early in 
the process of solidification, supply- 
ing a cloud of nuclei around which 
the cast grains grow. 

The greater the number of nuclei 
supplied, the finer the grain size pro- 
duced. It is not necessary that the 
active grain-refining constituent de- 
compose; it merely precipitates from 
the liquid solution at the proper 
temperature to form the nuclei for 
the later crystals produced during 
the solidification of the melt. 


Aluminum Carbide 


This conception of the grain-re- 
fining carbon action is consistent 
with most, or all, of the observed 
experimental facts. It has been 
noted that carbon and aluminum 
are necessary before grain refine- 
ment is obtained. It is suggested, 
therefore, that the active grain-refin- 
ing constituent is aluminum carbide. 

There is, of course, a possibility 
that the aluminum does not occur 
in the active grain-refining constit- 
uent. It is conceivable that the 
aluminum merely changes the solu- 
bility of the active constituent so 
that it precipitates from the melt in 
sufficient quantity at the correct 
temperatures to produce maximum 
grain refinement. 

It is more logical, however, to 
assume that the aluminum is a part 
of the active grain-refining constit- 
uent with the carbon in the form of 
aluminum carbide. 

If the foregoing description of the 
mechanism of grain refinement with 
carbon in magnesium alloy melts is 





correct, it accounts for the following 
experimental facts: 

1. The grain is coarsened by 
holding the melt at low tempera- 
tures. When the melt is held at a 
temperature near 1250° F., the 
aluminum carbide is precipitated 
and, when the time is sufficient, 
these particles either settle out or 
coagulate, thereby reducing the 
number of nuclei per unit of volume 
of melt and, consequently, increas- 
ing the grain size when the melt 
solidifies. 

2. After holding at a low tem- 
perature and then reheating, grain 
refinement is restored. When the 
melt is reheated after it has been 
permitted to stand for a few minutes 
or several hours at a temperature of 
1250° F., the coagulated nuclei are 
redissolved and the effectiveness of 
the grain-refining action of the car- 
bon is nearly as great as ever. 

Since it is not necessary to stir the 
melt after the holding period at the 
low temperature, but merely neces- 





sary to reheat it, it is concluded that 
the aluminum carbide is precipitated 
and coagulated but does not actually 
settle out completely. 

If it did settle out completely, it 
is logical that some stirring would 
be essential before effective grain 
refinement would be restored. How 
ever, it has been noted that gentl 
stirring aids the restoration of th« 
grain refinement, and it is concluded 
that the coagulated nuclei do tend 
to settle slightly. 

3. As the temperature of th 
holding period increases, the grain 
coarsening produced by the holding 
decreases. The reason for this ob 
viously is that the higher the holding 
temperature the less the precipita 
tion of the aluminum carbide, and 
consequently there is less coagula- 
tion of the grain-refining constituent 
Most of the grain-refining constit- 
uent remains in solution where it 
can effectively refine the grain wher 
the melt solidifies. 

4. When 4 melt is treated wit! 


Table 9 


ErFect OF REMELTING INGoT FORMERLY TREATED WITH C]l,-CCl,** 


~ 





Wedge Data————- 


Height of Test Bar 
Sound Grain Grain 
Metal, Size, Size, 
Condition : in. in. 
As melted, 75 per cent scrap “4 0.006 0.004-0.00 
Treated with Cl.-CCl, 2% 0.006-0.007 0.006-0.00° 
Pigged, remelted only 
Poured at 1260° F. 0.008-0.10 
Poured at 1350° F. 0.004 
Poured at 1450° F.* 0.003-0.00 
Poured at 1350° F. 0.003 
Poured at 1250° F. 0.003 


*The pouring temperature bake the maximum temperature except for 1450° F., the maximum tem 


perature in this case bei 
**Melt was not sti 


when the ingot was remelted 











the chlorine - carbon tetrachloride 
mixture and the grain refined there- 
by, the melt pigged off and the ingot 
remelted, the grains are coarse at 
the low pouring temperature, but as 
the temperature increases the orig- 
inal grain refinement is again ob- 
tained. When the melt was pigged 
off, the aluminum carbide, of course, 
precipitated. 


Effect of Remelting 

When the metal containing this 
finely divided suspension of alumi- 
num carbide is again melted, some 
coagulation occurs at low tempera- 
tures, thus causing a Coarse grain. 
However, when the temperature is 
increased, even without stirring, 
more of the aluminum carbide is 
taken into solution, and the grain 
size gradually decreases as normal 
foundry pouring temperatures of 
1400-1470° F. are reached. 

5. When the melt is treated with 
the carbon-containing gas at a low 
melt temperature near 1250° F., the 
grain-refining effect is not very 
marked because the solubility of the 
aluminum carbide is too low at this 
temperature. If, however, the melt 
treatment temperature is increased 
to near 1400° F., the temperature is 
sufficiently high to produce adequate 
solution of the aluminum carbide 
constituent and thereby obtain good 
grain refinement upon solidification. 

6. Solid carbon-containing ma- 
terials are not always effective be- 
cause it is too difficult to obtain 
sufficient solution of the carbon por- 
tion of the material. 


Carbon in Atomic Form 

Organic chlorides are especially 
effective because the vapor from the 
organic chloride combines with the 
magnesium melt, forming carbon in 
an atomic form and magnesium 
chloride. The carbon in atomic 
form is in an ideal condition for 
solution in the melt. Consequently, 
this method of grain refining is in- 
variably effective and reliable. 

7. The fact that carbothermic 
metal tends to be finer grained than 
electrolytic metal can be attributed 
to the higher carbon content of the 
former. 

8. It has been noted that quite 
frequently very coarse grains are ob- 
tained at a pouring temperature 
near 1250° F. However, in some in- 
stances, fine grain is obtained at low 
pouring temperatures. 

Apparently the important factor 
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is the amount of time the melt is 
maintained at the low temperatures 
before it is poured into the mold. 
If cooling is fairly rapid, coagula- 
tion of the precipitated aluminum 
carbides does not occur when the 
low pouring temperature is reached 
and fine grains result. 


Cooling Rate 

If the cooling rate of the melt 
near the pouring temperature is very 
slow, coagulation of the aluminum 
carbide does occur, and a coarse 
grain is produced when the melt 
solidifies. All melts, of course, pass 
through this range when they are 
poured into a mold and solidify. 

The time lapse, however, is gen- 
erally very short and no coarsening 
occurs. Consequently, if low pouring 
temperatures are used, it is necessary 
to cool to these temperatures fairly 
rapidly. Otherwise, grain coarsening 
wil] occur. This is probably the rea- 
son that large melts are difficult to 
superheat in the foundry because the 
cooling rate of the large melt is too 
slow to maintain the grain-refining 
effect. 

Low pouring temperatures are not 
ordinarily encountered in foundry 
operation. However, in ingot and 
billet casting shops, low pouring 
temperatures and large melts are 
used, and it is under these conditions 
that considerable variation and 
trouble can be encountered because 
of the adverse effect of slow cooling 
upon the effectiveness of any grain- 
refining operation which is attempt- 
ed. Of course, some wrought alloy 
compositions are not amenable to 
any known grain-refining procedure. 


Superheating Function 

The behavior of the superheated 
metal has not been investigated, in 
a systematic manner, in this work. 
Consequently, it is somewhat haz- 
ardous to suggest that the function 
of superheating is essentially the 
solution of the grain-refining con- 
stituent, probably aluminum carbide. 

Superheated melts have charac- 
teristics very similar to those which 
have been inoculated with carbon at 
lower melt temperatures than those 











used for superheating. Apparently, 
however, stperheated melts coarsen 
at somewhat higher temperatures 
The grain size produced by super 
heated melts is 
affected by holding at intermediate 
temperatures than are melts which 


more adversely 


have been inoculated with carbon 
If the grain-refining effect obtained 
by superheating is due to solution of 
aluminum carbide, there is no ap- 
parent reason why superheated melts 
should not perform exactly the same 
as melts which have been inoculated 
with carbon. 

Since no definite measures are 
taken to subject the melt to a carbon 
source at the superheating tempera 
tures, it is quite logical that some 
variable results might be obtained 
with the 
some melts being much more amen- 


superheating operation, 
able to grain refinement than others 
Refining Flux 

Commercial fluxes used for melt 
ing magnesium usually contain car- 
bon, and some grain refinement is 
obtained by the 
operation the refining flux 
However, the melt temperature for 
this treatment is on the low side for 
effective carbon absorption 


usual cleaning 


with 


melts of magnesium pro 


electrolytic 


Even 
duced by the process 
In any event 
there 


present 


contain some carbon. 
it would be 
would be sufficient 
in the flux, pot, or metal to produce 


expected that 
carbon 


grain refinement by carbon absorp- 
tion when subjecting the metal to a 
high temperature. 

In this connection, it 
noted that long exposures to high 
temperatures during the superheat- 
ing operation actually 
produced grain coarsening. This has 
not been checked with carbon inocu- 
lation, but it is quite possible that 
the same effect could be observed. 

This phenomenon could be ex- 
plained as follows: The long time at 
a very high temperature gives ample 
opportunity for a high degree of 
solution of carbon in the melt. 

When the melt is cooled, the 
aluminum carbide precipitates out 
of solution at too high a tempera- 
ture because of the high concentra- 
tion of this constituent. This condi- 
tion would favor coagulation of the 
precipitated grain refiner, producing 
coarse grains when the melt 
solidifies. 

A method of producing high qual- 
ity magnesium melts has been de- 


should be 


sometimes 
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scribed in a separate paper.® As a 
part of this general program, this 
paper describes a method of obtain- 
ing grain refinement in the melt 
cleaned and degassed by the new 
method. 


Summary 

In general, magnesium alloy melts 
containing aluminum can be treated 
to produce grain refinement by using 
a carbonaceous material, which may 
be a carbon-containing gas, such as 
dry natural gas, a solid such as 
graphite or aluminum carbide, or a 
vapor from an organic chloride. 

The carbonaceous gas is as effec- 
tive as superheating, but there is the 
danger of regassing the melt if this 
gas is not dry, and the method is 
slightly awkward and time con- 
suming. The carbonaceous solids are 
generally effective, although the re- 
sults are sometimes erratic because 
of the difficulties of obtaining proper 
solution of the carbon from such 
materials. 

The organic chlorides are very 
reliable, give good grain refinement, 
and also provide some cleaning and 
degassing effect normally obtained 
with chlorine. 

It has been found that a mixture 
of chlorine and carbon tetrachloride 
obtained by bubbling the chlorine 
through a bath of the liquid tetra- 
chloride effectively and reliably de- 
gasses, cleans, and produces grain 
refinement in one operation. 

This procedure has been very suc- 
cessful on melts weighing up to 120 
lb. It is believed that the method is 
applicable to the large melts which 
might be obtained in normal foundry 
operation, such as those prepared in 
a 2000-lb. tilt furnace. 


Recommended Temperatures 


Proper methods of transferring 
this melt to the mold, either directly 
or by way of a ladle, are being inves- 
tigated. Temperatures of around 
1350-1450° F. are recommended for 
treatment with the chlorine-carbon 
tetrachloride mixture. 

The grain size of castings poured 
from such melts is increased by hold- 
ing the melt near a temperature of 
1250° F. This adverse effect on 
grain size gradually decreases with 
increased temperatures until at 
1400° F. only a very slight coarsen- 
ing occurs after several hours at this 
temperature. 

The grain-refining effect which is 
lost by holding at low temperatures 
is restored by simply reheating to 
1400-1450° F. It has been found 
that there is a considerable carry- 
over of grain refinement when such 
metal is remelted, the grain size 
gradually decreasing as the maxi- 
mum temperature and pouring tem- 
perature approaches 1450° F. It is 
quite possible, however, that for 
reliable grain refinement, each melt 
should be treated and the carry-over 
from the preceding treatment should 
not be relied upon. 

A general theory of the mechan- 
ism whereby the carbon inoculation 
produces grain refinement has been 
described. It is suggested that alumi- 
num carbide, Al,C;, is the active 
grain-refining constituent, and _ this 
compound is dissolved in the melt. 


When the melt is cast, the alumi- 
num carbide is precipitated near or 
slightly above the liquidus line at 
which solidification begins, produc- 
ing a cloud of nuclei around which 
the individual grains form. The 
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greater the number of nuclei px 
unit of volume of melt, the finer th 
grain which is produced. 


Acknowledgment 

To the Office of Production Re 
search and Development of the Wa 
Production Board, which sponsore: 
the work described in this paper an: 
granted permission for its publica 
tion, to the Office of Scientific Re 
search and Development, whic! 
guided the work, to members of th: 
Advisory Committee on Project 
NRC-546, and to many members of 
the staff of the Battelle Memoria! 
Institute, especially Messrs. C. H 
Lorig, C. T. Greenidge, and A. R 
Elsea for their valued assistance, the 
authors gratefully express their 
thanks and appreciation. 


References 


1. Achenbach, K., Nipper, H. A., and 
Piwowarski, E., “Contributions to the 
Question of Melting Practice for Cast 
Magnesium Alloys,’ Die Giesserei 
1939, vol. 26, pp. 597-621. 

2. Busk, R. S., and Phillips, C. W., 
“Grain Size and Properties of Sand Cast 
Magnesium Alloys,” A.I.M.E. Technical 
Publication No. 1771, Cleveland Meet- 
ing, Oct. 1944. 

3. Restricted Report, O.P.R.D. Proj- 
ect No. NRC-550 conducted at the Uni 
versity of California. 

4. Restricted Report, O.P.R.D. Proj- 
ect No. NRC-546 conducted at Battell: 
Memorial Institute, 1944-1945. 

5. DeHaven, James, Davis, James, 
and Eastwood, L. W., “The Reductior 
of Microporosity in Magnesium Casting 
Alloys,” AMERICAN FOUNDRYMAN, Jun 
1945, pp. 44-53. 

6. Publication by Electro Refractories 
and Alloys Corp., Buffalo, N. Y. 

7. Fox, F. A., and Lardner, E., “An 
Exploration of the Problem of Super- 
heating in Magnesium-Base Alloys, 
Journal, Institute of Metals, Jan. 1945 

8. Private communication, American 
Radiator and Standard Sanitary Mfg 
Corp., 1944. 


. eet oes =e me COA lll 


~~ - = -— = «= 












ON- DESTRUCTIVE TESTING 


of Steel Castings 


Report of the Steel Division Committee of A.F.A. 


® Methods developments and progress in setting up standards for 
non-destructive testing are reported to members of A.F.A. Steel Divi- 
sion. The bibliography of recent publications contains articles on 
non-destructive testing of steel castings, technique and fundamentals 
related to radiography of steel castings. 


URING the year from April 

1944 to April 1945 the 

A.F.A. Steel Division Com- 
mittee on Non-Destructive Testing 
took an active part in matters con- 
nected especially with the magnetic 
particle testing of steel castings. 
One member of the committee, A. 
P. Spooner of Bethlehem Steel Co., 
took the lead in arranging and pre- 
paring the drafts on a standard 
practice for magnetic particle test- 
ing which was submitted to the 
American Society for Testing Ma- 
terials. All the members of the 
\.F.A. committee were asked to re- 
view the drafts and submit com- 
ments. The material so prepared 
has been set up as a standard pro- 
cedure specification E-222 of the 
ASTM. It is the belief of your com- 
mittee that this procedure is an ex- 
cellent one and will better enable 
steel «foundries to carry forward 
their studies in connection with 
non-destructive testing. Those 


foundries that have not as yet en- 
tered the magnetic powder inspec- 
tion field would do well to study 
the procedure of E-222, as it is be- 


Booths for production radiography of large steel castings. 
crete walls to avoid fogging of films on adjacent castings.’ (Right)— 
Magnetic particle inspection (prod method) of large casting using special 
(Right)—Checking current.’ 
(Courtesy Bethlehem Steel Co.) 


wet battery. (Left)—Applying powder. 


lieved that they will be materially 
benefited by this clear and authori- 
tative recommended procedure 

The committee realizes that its 
review by questionnaire of the status 
of the use of non-destructive testing 
in the steel casting industry is long 
overdue. However, in view of the 
production requirements for steel 
castings during the past year as a 
result of the war, it was deemed 
advisable to again postpone asking 
the foundries to execute a long 
questionnaire on the subject of non- 
destructive testing. This study will 
be undertaken at the first opportune 
moment. 

The committee is of the opinion 
that the use of non-destructive test- 
ing methods has reached a new high 
in the steel casting industry during 
the past year. In fact, it would be 
used to even greater extent than it 
now is, if a greater supply of radio- 
graphic film were available. 

There have been no new develop- 
ments during the year in radio- 
graphic standards. Committee E-7 
of the ASTM has not as yet come 


forward with radiographic stand- 


Note con- 


howeyet 


ards. This committee has 


clarified its definitions regarding the 
appearance of defects as illustrated 
by radiography 

During the 1944 A.F.A 
Meeting. two excellent 


Annual 
papers on 
non-destructive testing were pre 
sented by J. F. Cotton and P. Ffield 
of the Bethlehem Steel Co. It was 
planned to hold a symposium on 
non-destructive methods at the 1945 
A.F.A. Annual Meeting 
posium was not held owing to th 
CREA Ss. 


however, all the papers scheduled 


This sym 


restriction on meetings 


for presentation will be published 
in A.F.A. publications 

In line with the policy established 
during the past two years, this re- 
port presents a review of only those 
articles the subject of which is re- 
lated to the non-destructive testing 
of steel castings. These articles are 


listed as an appendix to this report 
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Castings to Standards of Quality,” 
TRANSACTIONS, American Foundrymen’s 
Association, vol. 52, pp. 173-204 (1944). 
Application of non-destructive tests; in- 
fluence of non-destructive testing on the 
conditioning of castings; radiographic 
standards of acceptability; practicability 
and interpretations of magnetic powder 
standards; significance of cracks in high- 
pressure, high-temperature castings ; 
magnetic powder inspection as a com- 
plement to radiography; flame excava- 
tion of defects; magnetic inspection of 
flame-gouged areas. 

3. ©. L. Frear, “Radiographic Speci- 
fications and Standards for Naval Ma- 
terials,”. TRANSACTIONS, American 
Foundrymen’s Association, vol. 52, pp. 
1078-1110 (1944), and Industrial Ra- 
diography, Spring, 1944, pp. 33-36. In 
a summary of the inspection by the 
Navy, the history of its use as a means 
of inspection is presented. A list of the 
different classes of castings requiring this 
inspection is given, also the influence 
of the requirement upon the steel found- 
ry industry. The specific requirements 
of the Navy, process approval and 
radiographic standards are discussed. A 
table of radiographic standards is in- 
cluded. 

4. R. Taylor, “Radium Radiography 
in Industry,” Steel, April 10, 1944, 
pp. 108, 110, 112. A review of the use 
of radium in the inspection of castings 
that are to withstand high pressure and 
temperatures, such as_ steam _ boilers, 
marine equipment, hydraulic power in- 
stallations; also for the inspection of 
pilot castings. Two methods for indus 
trial use are described. 

5. R. Taylor, “The Value of Radio- 
graphic Inspection to the Small Found- 
ry,” AMERICAN FOUNDRYMAN, May, 
1944, pp. 2-4. A discussion of the value 


of this method of inspection as a cost 
saver in the small foundry. As _ the 
value of the method is not limited to 
the detection of imperfect castings, it 
can be used as a means of improved 
foundry control for the production of 
sound castings. 

6. “Two Million Volt X-ray Tube 
for Thick Steel Sections,’ The Iron .Age, 
Nov. 2, 1944, p. 62. Description and 
photograph of the 2-million volt x-ray 
tube with which heavy steel objects up 
to one foot in thickness can be radio- 
graphed with relatively short exposures. 

7. C. L. Frear, “Magnetic Powder 
Inspection of Castings,” ASTM Bulletin, 
Dec., 1944, pp. 12-14. The use of mag- 
netic powder inspection on valves and 
fittings, and hull castings. A discussion 
of the interpretation of indications 
shown by various casting defects, mag- 
netic powder procedure for steel cast- 
ings, Magnetizing equipment, and mag- 
netic powder versus radiography. 


Articles on Technique and Funda- 
mentals That Are Related to 
Radiography of Steel Castings 


1. A. Morrison and E. M. Nodwell, 
“Exposure Graphs for Radium Radi- 
ography of Steel,’ ASTM _ Bulletin, 
March, 1944, pp. 25-30. 

2. A. Morrison and E. M. Nodwell, 
“Use of Film to Measure Exposures to 
Gamma Rays,” ASTM Bulletin, March, 
1944, pp. 31-32, and Industrial Radio- 
graphy, Summer, 1944, pp. 31-32. 

3. S. Maddigan and B. Zimmerman, 
“Microradiography—A New Metallurg- 
ical Tool,” Metals Technology, Feb., 
1944, TP 1683, 26 pp. 

4. “Co-Operative X-ray Research,” 
Steel, March 20, 1944, p. 96. 
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5. R. Taylor, “Radium Inspectio: 
Metals,” Steel, April 3, 1944, pp 
124, 166, 168, 170. 

6. R. Taylor, “X-ray Process E: 
neering,” The Foundry, May, 1944, 
74, 141-142. 

7. G. Close, “Organic Coating A 
Magnetic Inspection,” The Iron A 
Aug. 31, 1944, p. 4. 


8. C. Jenni, “Stopper Heads X-ra 
to Eliminate Pouring Trouble,’ 7 
Foundry, Sept., 1944, pp. 68-70, 208 

9. L. W. Ball, “Radiographs—W! 
They Tell Designers,” Machine Desi 
Dec., 1944, pp. 135-140. 


10. Symposium on Magnetic Parti: 
Testing: A. V. de Forest and C. | 
Betz, “Equipment for Magnetic Parti 
Inspection.” H. H. Lester, “Magnet 
Particle Inspection, Particularly fr 
the Standpoint of Specification Requi: 
ments.” E. O. Dixon, “Magnetic P 
ticle Inspection of Aircraft Parts.”’ L. B 
Jones, “The Magnetic Particle Test 
Utilized by the Railroads.” A. | 
Spooner, “Specifications and Pro 
dures.” C. L. Frear, “Magnetic Powd 
Inspection of Castings.” C. J. Boy 
“Magnetic Particle Inspection of Forg 
ings.” E. A. Smnader, “Miscellaneous 
Applications of the Magnetic Particl: 
Test.” ASTM Bulletin, Dec., 1944, pp 
7-16. 

11. L. W. Ball, “Interpreting A 
craft Radiographs,” The Foundry, Fe! 
1945, pp. 82-85, 192, 194, 196, 198 

12. J. Bland and E. Banks, “Adjusi 
able Radium Capsule Support,” Indu 
trial Radiography, Winter, 1944-45, pp 
23-25. : 

13. E. Meschter, “A Simplified 
Method of Film Evaluation,” Industria/ 
Radiography, Winter, 1944-45, p. 35 





Other Non-Destructive Methods of Testing 


By John W. Juppenlatz, Chief Metallurgist, 


Lebanon Steel Foundry, Lebanon, Pa. 


*® Agreement upon standards for interpretation of defects revealed 
by non-destructive testing methods is the controlling factor in the 


value of these methods as a test means. 


Workable standards, based 


upon the essential service of the material tested, should provide for 
ready definition into acceptable and non-acceptable classifications. 


HE subjects, radiography and 
magnetic particle inspection, 
cover two basic, well-known 
and reasonably well established 
methods of non-destructive testing. 
First, the radiography method may 
be applied to diversified castings of 
any metallic composition, with x-ray 
fluoroscopy for sections of low den- 
sity; second, the magnetic particle 
test is limited to and can be applied 
only to magnetic materials, diclos- 
ing defects at and near the surface. 
Other methods of non-destructive 
testing, applicable to castings, have 
proved to be of practical impor- 
tance, with still others in the 
process of experimental develop- 
ment. Several of these methods are 
used as independent tests but em- 
ployed as supplemental aids to radio- 
graphy. Some of the better known 
methods will be briefly considered in 
the following discussion. 


Penetrant Materials 

For many years foundries have 
recognized the value of applying a 
light machine oil to the surface of 
castings, allowing time for its pene- 
tration into surface defects, then re- 
moving the excess surface oil with 
a light sand blast. This leaves the 
surface with a light colored silica 
dust on all areas except those con- 
taining defects such as cracks and 
surface imperfections, which are 
soon discolored by oil returning to 
the surface. 

This method is a deviation of the 
well-known “whiting” method. Fur- 
ther development employs the use 
of a fluorescent penetrant on cast- 
ings, with the subsequent examina- 
tion made under ultra-violet light. 
This method was publicized by T. 
DeForest in 1942’, and since then 
by others. 

The fluorescent method, devel- 


oped by the Switzer brothers with 
patent application in 1938, is ob- 
viously more sensitive than the whit- 
ing method and has become a rea- 
sonably well established method of 
non-destructive testing for foundry 
inspection. It is not limited to size 
of casting nor type of analysis. How- 
ever, defects must be of surface ori- 
gin for detection. Subsurface de- 
fects are not disclosed. Internal 
shrinkage may be indicated only 
when the defect is continuous to the 
surface of the casting. 


Application Range 

The application of this penetrant 
fluorescent method is not confined to 
non-magnetic castings. Results com- 
pare favorably with the magnetic 
powder test in disclosing defects that 
are apparent on the surface; how- 
ever, it does not indicate slight sub- 
surface defects, even though this 
defect is a continuation of the ap- 
parent surface defect, such as often 
experienced with the magnetic parti- 
cle test. 

Demagnetization of castings, 
which is occasionally necessary when 
using the magnetic particle test, is 
not required. The penetrant fluo- 
rescent method is often used on cast- 
ings where intricate shapes of mag- 
netic castings causes difficulty in the 
introduction of the required mag- 
netic-flux-density. 

The process, equipment and 
materials for the penetrant fluo- 
rescent inspection of castings is 
comparatively simple. The first re- 
quirement is the preparation of the 
casting, which should be well 
cleaned of such surface irregular- 
ities as tend to form extraneous 
cavities, including sand or scale. 


The casting may be immersed in 
a tank containing a light penetrat- 


ing oil chemically treated for high 
fluorescent brilliance and water sol- 
ubility. In lieu of dipping, the oil 
may be brushed or sprayed on the 
casting surface, but when size per- 
mits, total immersion is preferable. 
Ten min. time of immersion for oil 
penetration is considered sufficient 
for most applications. 

Excess oil is allowed to drain from 
the castings for re-use. The adher- 
ing surface oil must be washed off, 
preferably by clean, hot water. 
Emulsifying action of the water is 
greater when hot, and a nozzle ef- 
fect aids in the surface cleaning of 
fillets, etc. A water dip, followed by 
a spray rinse, leaves the surfaces 
smudgy and is not recommended. 
With the castings warm from the 
hot water rinse, air drying is quickly 
accomplished and the casting is 
soon ready for inspection. 


Examination Conditions 

Castings may be inspected im- 
mediately, but are preferably given 
sufficient time for the penetrant to 
return to the surface in case defects 
are present. A darkened room is 
required for visual examination 
under “black light” or near ultra- 
violet light which is not registered 
by the human eye. 

After a few minutes for adjust- 
ment of the eye, defects appear to 
fluoresce where the penetrant oil has 
returned to the surface. Depending 
upon the time elapsed from rinse 
to examination, an experienced oper- 
ator can distinguish the relative form 
and dimension of the defect by the 
amount of penetrant being ejected 
to the surface. 

An alternative method of process- 

This paper was secured as part of the 
1945 “Year-’Round Foundry Congress” 


and is sponsored by the Steel Division of 
A.F.A. 
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ing employs the use of an absorbent 
developing powder which is applied 
to the casting surface in excess after 
the normal hot water rinse. This 
developing powder tends to draw the 
penetrant from the defects and 
cause a higher degree of contrast 
between the defect and the back- 
ground. This method is not gener- 
ally used on as-cast surfaces, since 
it is an additional operation which 
does not appear to aid in disclos- 
ing real defects. 

Inspectors soon become trained to 
visually distinguish between defects 
and what might be termed blem- 
ishes or surface sand particles which 
might trap some penetrant. On the 
other hand, cracks or other signifi- 
cant defects are very apparent. 
These defects, after being located 
and marked, can be removed by 
chipping or grinding. 


Re-examination of Defect 

When the chipper is not certain 
of complete defect removal, it is 
possible without any reprocessing to 
re-examine the casting defect under 
the “black light.” If any portion of 
the defect remains, it will fluoresce 
as long as the penetrant remains 
within it. 

Some of the advantages of this 
method of inspection are cause for 
its rapid gain in popularity. The 
operating cost of testing is low as 
compared to radiography. Equip- 
ment and materials are readily ac- 
cessible without large expenditures. 
However, it is limited to disclosure 
of surface defects only. 

By preliminary fluorescent pene- 
trant inspection of castings, such 
defects as may be disclosed can be 
repaired before final radiographic 
examination, thereby saving consid- 
erable time and expense when a re- 
radiograph of the repaired casting 
is required. This method may dis- 
close defects which are not indi- 
cated on radiographic negatives due 
to their size or direction. It there- 
fore does not replace radiography, 
but supplements it. 


Loading Tests 

Static loading non-destructive 
tests of castings are commonly be- 
ing applied to finished structural 
components to prove their suitability 
for the service intended. Many of 
the parts are subjected to predeter- 
mined live-load tests simulating serv- 
ice conditions, followed by measure- 
ment of the amount of deflection 
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and permanent set when the load 
is released. 

This type of non-destructive test 
determines not only the quality of 
material but is often used in the 
development of satisfactory designs. 
For proof tests, these parts are sub- 
jected to stresses well below the 
elastic limit, with the usual specifi- 
cations not allowing any permanent 
deformation. Loading is usually one 
and one-half times or more than, the 
maximum service loads, and _ this 
test segregates castings or designs 
with substandard strength. 

Static proof testing is often ap- 
plied to castings with known de- 
fects as disclosed by other methods 
of non-destructive testing. . These 
castings are proof loaded, checked, 
and reloaded with increased loads 
until permanent set or destruction 
has occurred. 

This information, coupled with 
actual service results, aids in estab- 
lishing the permissible extent of 
casting defects allowable with some 
margin of safety. Location of de- 
fect with size, type and direction 
as disclosed by other non-destructive 
tests should be taken into account, 
thus forming workable standards of 
acceptance or rejection for the parts 
involved. 


Testing Pressure Castings 

Hydrostatic testing of pressure 
type castings has superseded prac- 
tically all forms of -non-destructive 
testing. It is being regularly applied 
as a final inspection method to fit- 
tings at standard pressures in excess 
of their normal working pressure, 
even though radiographic and other 
non-destructive tests have been ap- 
plied. Air pressure tests, at pressures 
often greater than the working pres- 
sure, are common with the castings 
immersed in water. 

An air test of unmachined pres- 
sure fittings is frequently applied in 
foundries, using a water-soap solu- 
tion and observing any bubble form2- 
tion indicating unsoundness. Like- 
wise steam, cold and hot oil pres- 
sure tests are used. Any of these 
tests are for the purpose of segre- 
gating “leakers” or defects which 
pass from wall to wall of the casting. 


Acoustic Tests 
Acoustic tests, such as striking a 
casting with a hammer to determine 
if it “rings true,” are old. A modi- 
fication of this method includes the 
use of the medical stethoscope. The 


results of this test are largely d 
pendent upon the operator’s skill 
making and receiving the vibratir 
sound waves that are only qualit 
tive or indicative. 

Supersonic Tests. Supersonic « 
ultrasonic waves with frequenci: 
beyond the range of audible soun 
are reported to have been used {; 
several years in Russia*, Germany 
and other countries*. 

The application of supersonics to 
castings in this country has beer 
limited to special applications and 
could be generally expressed as be- 
ing in the experimental stages. Ob- 
viously, this method can be further 
developed so as to be an important 
means of non-destructive testing. 


Supersonics Development 

A communication from R. H 
Wallace (Sperry Products, Inc., 
Hoboken, N. J.) describes an Ameri- 
can development of the supersonic 
reflectoscope for testing castings: 

“In testing by means of the super- 
sonic reflectoscope, supersonic vibra- 
tions are sent into the material 
under test by means of an ocillator 
with a pulse circuit which sends out 
“trains” of vibration. Each pulse of 
vibration penetrates the material 
and reflects from the opposite side 
or from intervening defects to re- 
energize the sending crystal which 
has ceased to vibrate during the 
period in which the pulse oscillator 
is not functioning. This reflection 
is then amplified and placed on an 
oscilloscope screen. Pulses are at a 
frequency of 60 per second and re- 
flections are therefore superimposed 
continually at this rate on the screen 
and appear as a continuous picture, 
showing at the left of the screen the 
sending pulse and in sequence from 
left to right any reflections of the 
original pulse, with the time inter- 
vals, which can be calibrated directly 
in inches of penetration, being read 
directly off the screen. By the degree 
of absorption of these reflections in 
the various materials a relative in- 
dication of grain size is given. 

“In the application of this equip- 
ment to castings the grain size 
and porosity play a limiting factor, 
since the larger these are the greater 
will be the absorption of the vibra- 
tions and the resultant difficulty in 
penetrating the material. In most 
cases, however, ample penetration 
can be obtained if the defects whi h 
it is desired to find are not too smal. 


— a = ss oe oe 











|. W. JUPPENLATZ 


For accurate determination of 
whether the reflectoscope can satis- 
factorily test castings, it is necessary 
to consider each application in- 
dividually as to its shape, surface 
ondition and absorption to super- 
The size of defect 
which can probably be detected can 


sonic vibrations. 


then be predic ted with reasonable 
iccuracy. 

“In applying the reflectoscope to 
1 test piece, a flat or curved crystal 
is placed against the material with 
1 film of oil in the inner face to 
improve the transmission of the 
In some applications 


h) 


vibrations. 
the “‘as cast” surface is sufficiently 
smooth but in others it would be 


hand 


grinder to smooth off the rough 


necessary to use a smal] 
spots.” 

According to A. Behr*, the super- 
sonic method in foreign countries 
has reached an advanced, although 
by no means, a final stage of develop- 
ment. Also, that the outstanding 
merit of the ultrasonic method is un- 
doubtedly its ability to disclose de- 
fects which do not represent a suffi- 
cient change in “density” to enable 
their detection by x-rays. 

Thus, cracks or lamination situ- 
ited in a plane at right angles to 
the supersonic beam can be detected 





with certainty. Another advantage is 
the ability to deal with cross-sections 
of metal which could not be pene- 
trated by x-rays or even gamma- 
rays. 

The principle feature which 
hinders the development of super- 
sonics for castings is the present 
difficulty of interpreting the results 
with certainty. Available equipment 
is highly sensitive to surface irregu- 
larities and minute blemishes. When 
these difficulties are overcome, this 
instrument may gain in use and pop- 
ularity for non-destructive testing 


Other Electrical Methods 


Other electrical methods of flaw 
detection in castings have been tried 
with limited application and degree 
of success to castings. One method 
involves the direct passage of cur- 
rent through the casting by brush 
contact and the measurement of the 
surrounding field set up by this cur- 
rent, similar to railroad rail inspec- 
tion (Sperry). This electromagnetic 
method is limited to uniform longi- 
tudinal sections and does not lend 
itself to castings with variable or 
diversified sections. 

Another electrical method, appli- 
cable to magnetic or non-magnetic 
materials, is the induction of current 


A development in the supersonic method of testing. 
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to its saturation point if magnetic, 
or partial saturation if non-magnetic, 
and measuring variations in the field 
as set up by this induced current 
This method discloses flaws o1 
changes of metal sections and is now 
commonly applied to bar stock or 
tubing as acceptance methods, but 
not to general castings due to varia- 
tion of design 


Analysis and Structure 

Still other electrical methods have 
been developed @tilizing electrical 
principles, one of which employs a 
direct current in testing the thickness 
of a casting wall from one side only® 
The potential drop caused by the 
flow of current is used to indicate 
wall thickness. These electrical 
methods require standard pieces of 
similar design with complete sound- 
ness for comparison. Due to diversi- 
fied casting sections, this method 
of non-destructive 
limited 


testing remains 
Reference to methods of non- 
destructive testing for the purpose ol 
segregating materials of varying 
analyses and states of heat-treatment 
should be included since such meth- 
ods are in practical use for castings, 
but are not employed for the pur- 
pose of disclosing defects or flaws. 
One of these instruments is based 
upon the principles of thermo elec- 
tricity’. 
known test piece, which is set up as 


This test makes use of a 


one side of the circuit and in con- 
tact with an unknown test sample 
involving the other side of the cir- 
cuit so that there is a mutual point 
of contact. With auxiliary electrical 
current input, the temperature at 
the point of contact increases, and 
if the metals are dissimilar, an 
electromotive force will be indicated 
on the instrument. 

The test pieces act as the thermo- 
couple and the instrument as the 
galvanometer. Materials have been 
segregated and checked for similarity 
of analysis, as well as conditions of 
structure and heat treatment. The 
process of test is quite simple and 
requires only a piece of known mate- 
rial for comparison. Its use on fin- 
ished articles may be objectionable 
due to occasional marks of electrical 
contact. 

The cyclograph’, an electronic in- 
strument, utilizes the principle of 
varying metallurgical properties 
which cause variation in the core loss 
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of a tuned pick-up coil which sur- 
rounds the piece under test. This 
variation affects the shape of the 
visible pattern or cyclogram dis- 
played on cathode ray tube indi- 
cator screens. This instrument, while 
in the stages of development, refine- 
ment and practical application, is 
limited to uniform casting sections 
which can be inserted into a suitable 
test coil. 

Standardization of cyclograph pat- 
terns with known materials can eas- 
ily be made so that analysis and con- 
dition of heat treatments of identical 
production shapes can easily be 
checked for uniformity. Differentials 
of analysis, structure, depth of hard- 
ness or variables of heat’ treatment 
now are being checked with this 
method on malleable iron and steel 
castings. 

The development of a suitable 
test coil for general casting inspec- 
tion would permit wider application 
and use of this electronic method for 
inspection of finished castings in 
lieu of some of the testing methods 
being applied which could be classed 
as destructive tests. This instrument 
is not appreciably affected by cast- 
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ing defects and therefore is not rec- 
ommended for that purpose. 


Summary 


The limiting factor controlling the 
use of non-destructive methods of 
testing for castings involves the cor- 
rect interpretation of the results. 
Any method, in order to be practical, 
must be accepted by the foundry- 
man. It should not reveal false in- 
dications and should be capable of 
readily defining defects into accept- 
able or non-acceptable classifications 
without too much controversy. 


Standards of acceptance are be- 
coming more critical with time and 
inspection methods are constantly 
being improved, such as witnessed 
by radiography within the past 
decade. Therefore, before any non- 
destructive method of testing for 
castings is established as a test means, 
a set of workable standards should 
be agreed upon which distinguish 
between flaws or blemishes and real 
defects which may affect the ulti- 
mate service of the casting. 

Some deviation from casting per- 
fection is unavoidable, and any 
method of non-destructive testing 


can survive only when proper e: 
phasis is placed upon workir 
standards and with due regard 
interpretation based upon essenti 
requirements. 
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PATTERN and Allied EQUIPMENT 


Design, Redesign and Interchangeability 


By William E. Tharp, Foundry Technical Supervisor, 


T WAS NOT until centuries 
| after the discovery of enduring 
metals, and the forming of 
parts therefrom, that the pouring of 
molten metal into a sand or clay 
mold was successfully accomplished. 
The first parts to be made from 
metals were not poured. They were 
hammered into shape from a semi- 
molten mass of metal. This method 
of producing metal parts, with a 
few exceptions in bronze, existed for 
centuries. 

It was not until the eighteenth 
century that man conceived and 
mastered the art of casting molten 
metal into a sand mold. Due to the 
demand for duplicate parts, he 
found that a pattern would be 
necessary. This pattern was made 
by the early foundryman himself, 
who must necessarily have been a 
smith or a metals craftsman. 

The only reason for relating this 
thumb-nail history of castings and 
patterns is to impress upon the 
reader that patterns, in their in- 
fancy, were designed and, in most 
cases, made by the foundryman him- 
self. 

In later years, because of an in- 
creased demand for castings, it be- 
came necessary for the foundryman 
to hire craftsmen, who worked 


Caterpillar Tractor Co., Peoria, Ill. 


* Designing engineers are weighing the advantages and disad- 
vantages of foundry products as compared with the products of 
competitive processes. Lower cost per unit is the foundry's greatest 


asset. 


Te maintain this cost advantage in the face of improved 


methods in other processes, the foundry must develop methods to 
produce castings at lower costs and to closer tolerances. Close co- 
operation between the casting designer and the foundryman, to 
obtain greater casting accuracy and lower costs through correctly 
designed patterns and the use of interchangeable pattern and other 
equipment, is a factor for the foundryman's careful consideration. 


chiefly with wood, to make patterns 
for him. Even then the foundryman 
had to advise the craftsman in mat- 
ters of moldability, but as the years 
passed the foundryman gained more 
and more confidence in his hireling 
and relinquished the greater part of 
the responsibility for the design of 
the pattern to the now titled pattern- 
maker. The results of this shift in 
responsibility are obvious in most, 
and possibly all, foundries today. 
The fact that many patterns are 
poorly designed and are, therefore, 
responsible for a greater cost per 
casting, or a greater scrap _per- 
centage than should be necessary, 
should be a warning that the re- 
sponsibility for the design of all pat- 
terns not only should be assumed 
but exercised by the foundryman. 
A close follow-up with the pattern- 
maker should necessarily be main- 


tained in order that small but 
harassing details, such as correct 
flask size, proper draft, correct part- 
ings of patterns and core boxes, cor- 
rect placement of patterns in flask 
for proper gating, venting and wir- 
ing of cores, sturdy core driers, etc., 
are cared for in advance 

To say that correct pattern design 
is an art would be an understate- 
ment. It is both an art and an 
engineering achievement. A pattern, 
whether large or small, of wood or 
metal, can be designed in many dif- 
ferent ways, and a casting derived 
from each could check just 
mensionally accurate 
from another. Yet one design would 
stand out in the critical eyes of the 
foundryman as being most adapt- 
able to his individual conditions. 

Good proof of the foregoing state- 
ment is found in the entries by ap- 
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Fig. |\—Sketches showing original and new designs of casting to improve castability. 
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Fig. 2—Another example of casting redesign suggested by the foundryman. 




















SIGN 








prentices from all sections of the 
country of patterns in the A.F.A. 
National Apprentice Contests held 
in past years. It is very seldom that 
two of these contest patterns are de- 
signed alike. The winning pattern 
is chosen with moldability as being 
one of the main requisites. 

The author might make the sug- 
gestion that moldability should be 
the main requisite, in order to im- 
press future patternmakers with the 
importance of presenting a good, 
sound pattern design to the foundry- 
man. 

To design a pattern of flawless 
workmanship, at a low cost, accu- 
rate to perfection, only to find that 
it is difficult to make the core and 
assemble it, to make the mold at a 
proper rate of production, to gate 
properly, or to clean economically, 
definitely would be a waste of ex- 
pensive material and man hours as 
far as the foundryman is concerned. 

The foundry’s most potential com- 
petitor today is the welding process. 
It is true that the foundries have 
proved to Army and Navy Ord- 
nance and Engineers on several oc- 
casions that a casting is less expensive 
and more durable than a welded or 
riveted assembly. It is also a sig- 
nificant fact that many “would-be” 
castings are being satisfactorily pro- 
duced from formed rolled steel parts 
welded together. 

People who produce parts by 
welding have established and pub- 
licized four freedoms: 1. Freedom 
from excess weight. 2. Freedom 
from structural weakness. 3. Free- 
dom from design improvements, 


4. Freedom to use new materials 
where they are best suited. 

This is indeed proof that the weld- 
ing crafts are hoping that a good 
percentage of castings may in the 
future be lured out of the foundry 
and into a welding shop. 

How can the foundries combat 
this migration? They can, and must, 
produce a lower cost product with 
equal qualifications. In order to 
produce castings at a low cost and 
at a low scrap percentage, methods 
and operations should be as simple 
as possible. The design of the pat- 
tern should be near perfection. 


NEW DESIGN 


3— Casting redesigned to facilitate 
production, 
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In order to attain this Utopia, and 
it is possible, the foundryman must 
incorporate a pre-pattern planning 
and design department, or, of course, 
do the job himself. What is meant 
when suggesting a pre-pattern plan- 
ning and design department? 

A department of this type could 
consist of only one person, a draw- 
ing board, and a few colored pencils. 
In short, this department should be 
the place where all redesigns, possi- 
bilities of interchangeability with 
present flask and pattern equipment, 
and finally the designing of the pat- 
tern equipment complete with writ- 
ten pattern specifications, including 
the smallest of details, should be 
accomplished. 

Casting Redesign. When speaking 
of redesign it is meant, of course, 
to give any part a thorough study 
in order that all possible cores be 
eliminated, that the blending of 
radical unequal metal sections be 
accomplished, and that proper core 
supports, partings, etc., are brought 
to the designer’s attention prior to 
the making of the equipment. 

This necessitates a selling proposi- 
tion, so to speak, to the designer 
himself, and also a full understand- 
ing of the mechanics of the cast- 
ing. Any redesign proposals that a 
foundryman may take to the de- 
signer should be based on_ thre: 
principles: 

1. Will it reduce the cost of the 
part, or lower percentage of scrap’ 
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2. Will it enhance the mechanics 
or increase machine shop cost? 

3. Will the appearance of the 
casting be impaired? 

If these simple questions can be 
favorably answered by the foundry- 
man, it seems entirely probable that 
the engineer will accept the modifi- 
cation suggested, provided, of course, 
that the functional qualities of the 
part will be maintained. 

Figures 1, 2, and 3 show rather 
radical redesigns suggested by the 
foundryman to the engineer which 
favorably answered all. three of 
the foregoing questions, and conse- 
quently were accepted. 

The suggestion of a 
change or redesign to an engineer 
or a designer can have far-reaching 
effects. It is human nature to resent 


possible 























anyone suggesting even helpful re- 
visions in our handiwork. 

If we were to design and build 
a home, and upon its completion a 
neighbor were to make a critical re- 
mark about the placement of the 
bathroom, we would no doubt resent 
criticism even if well founded. 

Yet, were we to build anothe1 
home, is it not true that we would 
give the placement of the bathroom 
a great deal of consideration? This 
also is true with designers and engi- 
neers. All suggestions made may not 
be accepted, but each, if basically 
sound, will assist in the designing 
of future castings. 

Interchangeability of Pattern and 
Allied Equipment. How far should 
we go in designing a pattern which 
will be interchangeable, or use a 
part of similar set of equipment? 

It has been the author's privilege 
to have witnessed in operation a 
small foundry, newly designed, in 
which the mold conveyor system 
was comprised of three individual 
floor-type conveyor units. Each unit 
is designed to accommodate a cer- 
tain area flask with consideration to 
the weight of the casting. 

Standardization of flasks in this 


Fig. 4 (Left)—Four-barrel diesel cylinder 

block casting, weight 990 Ib., redesigned 

for utilization of same body cores as in 
6-barrel cylinder block (Fig. 5). 


Fig. 5—(Below)—Six-barrel diesel cylinder 
block, weight 1260 Ib., designed to utilize 
same body cores as 4-barrel block (Fig. 4). 
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case is accomplished. Expe.csive floor 
space is saved, the storage of flasks 
in the yard is no longer necessary, 
not to mention the savings brought 
about when eliminating the need for 
additional flask equipment. 

Flasks. In the foundry with which 
the author is associated the inter- 
changeability of flask equipment has 
been utilized as much as possible 
For example, there is one flask in 
which 31 individual cope and drag 
patterns are run. Practically all of 
the medium sized cope and drag 
flasks are used to make two or more 
different These 
castings range from flywheels with 


types of castings. 
extremely heavy sections to oil pans 
with extremely light sections. 


Molding Machines 

The interchangeability of molding 
machines is accomplished in the 
same manner. The sizes and types 
of molding have 
standardized. For example, in de- 
signing the two closed flask conveyor 
units, only two different sized strip- 
ping machines and one size and type 
of rollover machine have 
utilized. As a rule, rollover machines 
are utilized for drag molds and strip- 
ping machines for cope molds. 


machines been 


been 


It has often been found advan- 
tageous to use a rollover machine 
for the cope mold as well as for the 
drag. Also, both cope and drag are 
run on stripping machines. This 
arrangement has proven very flex- 
ible and, consequently, constitutes a 
great saving in the rigging of pat- 
terns for machines, the ease of 
transferring patterns from one set 
of machines to another in case of 
breakdowns, and in maintaining this 
equipment with regard to inter- 
changeability of spare parts. 


Power Strip Machines 

The slinger units are set up with 
the same principle in mind, with 
one exception. Only one type of 
molding machine is utilized. Power 
strip machines of various sizes are 
used. These machine sizes are not 
chosen with casting sizes or weights 
as the major factors; rather, each 
pair of cope and drag machines are 
purchased with interchangeability of 
flask sizes and pattern draw as being 
the main requisites. 

In designing the squeezer mold 
conveyor unit, only one size and 
type of machine was installed. In 
regard to flask equipment used with 
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this unit, it might be stated that 
aluminum “pop-off” flasks are uti- 
lized 100 per cent. Here again inter- 
changeability of flasks, achieved by 
designing the match plate pattern to 
fit a flask on hand, if at all possible, 
has resulted in a great saving, as 
well as the interchangeability of 
molding machines. 

New sand ramming equipment 
and progress in the sand mixtures 
has eliminated to a large extent the 
necessity of barring the flasks to the 
‘nth degree to eliminate strains, 
sags, warps, drops and other loose- 
ram defects. This should allow us 
the privilege of standardizing to 
some extent in regard to flask sizes. 

Patterns (not including cere boxes, 
etc.). It has been the author’s ex- 
perience that interchangeability of 
cope and drag, match plate, or loose 
patterns, one with another, should 
be limited to some extent. With re- 
gard to small match plates, often- 
times it is costly to attempt to 
acquire two different castings from 
one pattern plate, with possibly 
changing a part number and a core 
print. The pattern must be taken 
to the pattern shop, the necessary 
changes made, and then returned to 
the foundry for production. 


Cost Should Be Guide 

If a monthly production is re- 
quired on each casting, this would 
constitute approximately two 
changes per month, and _ possibly 
would soon cost as much or more 
than an individual pattern for each 
casting would have cost in the be- 
ginning. However, the production 
required from each and the cost of 
an individual set of patterns should 
be the guide in making a decision as 
to the advisability of interchangeable 
match plate patterns. 

Cope and Drag Equipment. The 
utilization of interchangeable cope 
and drag equipment presents a dif- 
ferent situation. Instances of similar 
copes or drags are numerous in this 
foundry, e.g., one cope pattern serv- 
icing six drag patterns in producing 
six individual flywheel castings, and 
in another instance, one flat-back 
cope plate with gating servicing 
three drag patterns in the produc- 
tion of clutch plates. 

Truly, the greatest saving to be 
found in this foundry through pat- 
tern interchangeability is in the utili- 
zation of the same body cores in 
the production of six- and four- 


barrel cylinder blocks. This was 
accomplished only through the co- 
operation of the engineering depart- 
ment in consenting to incorporate 
major changes in the design to facili- 
tate using one set of core boxes for 
both castings. These castings are 
shown in Figs. 4 and 5. 

In speaking of interchangeability 
of cores, which is practiced when- 
ever at all possible, it might also 
be of interest to describe and illus- 
trate some of the universal core 
blowing plates and arrangements. 
The author will not elaborate upon 
the technique of core blowing, the 
technicalities involved and the ad- 
vantages and disadvantages. 


However, the changing of core 
boxes on blowing machines has been 
simplified in this foundry. As many 
as 18 different core.boxes have been 
run on one core blowing machine 
during a 16-hr. period. In order to 
accomplish this, and not waste valu- 
able setup time, standardization of 
blow plates must be brought about. 

In one instance a universal blow 
plate was developed, as illustrated 
in Fig. 6, which can be used to blow 
a certain size and type of core. The 
box to be blown must necessarily 
have one open end for sand-laden 
air to enter. Due to the design of 
this blow plate, a minimum number 
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of blow vents are required in the 
box itself. Approximately 3 to 5 
min. are required to change from 
one box to another. 

Figure 7 shows a few of the typ: 
of boxes that can be blown with the 
blow plate and vent plates shown 
in the foreground. Figure 8 shows 
the disassembled blow plate. In Figs 
9 and 10 is illustrated another labo: 
saving blowing arrangement. Both 
cores illustrated are used for the 
same casting, and both are blown 
at the same time. Figure 9 shows 
these cores directly after blowing 
and being removed from the blow- 
ing machine. Figure 10 shows th: 
cores after they have been machin: 
drawn, ready for baking. 

It is sometimes found that the 
interchangeable patterns and cor 
boxes present a problem. Due to 
great demands by army and navy 
departments, it has been necessary 
to job a large percentage of the cast- 
ings to other foundries. Here is 
where the problem comes in. 

It is a difficult matter to find 
many patterns that do not use inter- 
changeable cores, flasks, or patterns 
which are not themselves _inter- 
changeable, so it often becomes 
necessary to locate a vendor with 
sufficient open capacity to absorb al! 
of the jobs that are made with this 
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Fig. 6—Cross section of universal blow (7 a with core box clamped in position on 
wer. 
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Fig. 8—(Below)—Universal blow plate (Fig. 
6) disassembled. 


interchangeable equipment. If the 
vendor can absorb all of these jobs, 
he of course realizes the same labor 
and space savings that this foundry 
experienced with the interchange- 
able equipment. 

Even though the system may be 
“backfiring” now, the author still 
believes that the thousands of dol- 
lars saved through the use of inter- 
changeable pattern and flask equip- 
ment more than offsets the problems 
arising from it today. 

Design of Pattern and Allied 
Equipment. It has been stated time 
and again that no definite set of 
rules can be laid down to follow 
when designing pattern equipment. 
[t is the author’s opinion that this 
is not true. It is not the practice in 
this foundry to attempt the stand- 
ardization of pattern equipment de- 
sign, because each casting has its 
own special peculiarities. However, 
an attempt is made to follow a cer- 
tain routine, or, rather, scrutinize 
each part with equal severity, in 
order to attain as nearly ideal core- 
making, molding, and cleaning con- 
ditions as possible. 

Following a small part through 
its routine will serve to check the 
method. The part chosen is a water 
pump bracket, which weighs 25 lb. 
and has a production requirement 
of approximately 5,000 pieces per 
year. The reason for choosing a 
small part with modest production 
requirements is to impress upon the 
reader the equal importance in the 
design of either a small or a large 
casting. The routine steps taken to 
complete this pattern are given in 
the following paragraphs, 





1. Establish parting line on blue- 
print, with most consideration being 
Determine which 


given to gating. 
is cope or drag side. 
colored pencil.) 

2. Sketch in core prints (check 


(Use oil-base 


Fig. 7—(Left)—Various types and sizes of 
cores produced with type of blow plate 
Note lack of blow vents. 


shown in Fig. 6. 


for possibility of redesign to elimi- 
sketch in 
pieces, if they are found to be neces- 


nate same) and loose 
sary, giving full consideration to the 
making and setting of cores. Sketch 
crush strips and close-over clear- 





Fig. 9 (Top)—Both cores are for the same casting and are blown at the same time. Note 
boxes tied together with rail at bottom. Fig. 10 (Bottom)—Cores (Fig. 9) after drawing 
and ready for baking. 
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Fig. 13—Partially completed mold of alumi- 
num match plate (Fig. 12). 





. 


- 
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Fig. |!!—Upper blueprint is complete as received from engineering department. Lower blue- 
print is complete after pattern designing has been accomplished. See Figs. 12, 13, 14 and 15 
for various stages to finished casting. 


Fig. 14—Sand-cast aluminum match plate 
with pattern being machined for accuracy 


Fig. 12—Soft pine master parrern mounted in match board to produce 
lumi tch plate. 
en ee ee Fig. 15—First sample casting obtained from 
completed match plate equipment (Figs. 
11, 12, 13 and 14). Note layout lines. 





ances, and letter each core in the 
sequence in which it will be placed. 

3. Sketch outline of plate and 
flask around pattern, allowing ample 
room for proposed gates and risers. 

4. Provide written pattern speci- 
fications in detail, specifying pattern 
material and any allied equipment, 
such as core rubbing or grinding 
fixtures, dryers or special core plates. 

5. Check layout for any item that 
can be provided to eliminate the 
possibility of any discrepancy that 
may arise. 

Figures 11, 12, 13, 14, and 15 
illustrate, in part, the growth of a 
casting from the blueprint to the 
cleaned casting. 

Hints in Designing Core Dryers 
and Core Plates. A core is seldom 
more accurate than the dryer or 
plate on which it is supported until 
baked. As a rule, foundrymen are 
apt to slight the design and mainte- 
nance of core dryers and _ plates. 
Figure 16 shows two designs of core 
dryers. Both dryers are used to bake 
the same core. 

The old design, with all ribs and 
the four dowel pin lugs protruding 
from the dryer, is shown on the 
right. This design was very costly 
Fig. 1!8—(Right)—Complete assembly of 
body cores necessary to cast six-barrel cylin- 
der block shown in Fig. 5. Cores are not 


rubbed on the joint. Over-all assembly 
allowed + 1/16-in. 


Fig. 16—New (left) and old (right) designs 
of cylinder liner core dryer. 


in both warping and breakage. Ap- 
proximately every 4 months the en- 
tire group of dryers were taken to 
the pattern shop for straightening, 
and continual replacement of broken 
dryers was necessary. Also, this 
dryer often tipped over after being 
placed on the core rack. 

These disadvantages made neces- 
sary the designing of a new dryer 
and, finally, the design shown on the 
left in Fig. 16 (with the core at rest 
in front) was adopted. This is a 
box-type construction, and is con- 
sidered to be a non-rocking, non- 
warping, non-breaking dryer. 

Three hundred of these dryers 
have been used in continuous pro- 
duction for 4 years. One dryer has 
been broken, and they have yet to 
be reworked in any way. This de- 


Fig. 17—(Below)—Specially designed alumi- 
num core plate. Note construction to insure 
better baking of plate surface of core. 
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sign has been extended to all types 
of core dryers wherever possible, 
with the same results. 

In Fig. 17 is shown a specially 
designed aluminum core plate which 
is used to support the diesel cylinder 
block cores during baking. Prior to 
the use of this core plate, numerous 
designs and materials were used, all 
with the same results. The cores 
would not bake out on the plate 
surface, or the plates themselves 
would warp, which made it neces- 
sary to grind the cores in a fixture. 

After designing the type of core 
(Fig. 17), the cores 


plate shown 


were found to be flat and it was 
possible to eliminate the -grinding 
operation, which resulted in a direct 
saving in labor, plus the fact that 
the cores which are not ground are 


more accurate than those which are 
ground. 

Figure 18 shows a complete six- 
cylinder diesel body core assembly 
ready for the mold. Twelve cores 
are bolted together and are held to 
an over-all length dimension of plus 
or minus 1/16-in, 

Prior to using this present plate, 
a cast iron plate was used. Two 
men were required to lift the cast 
iron plate upon the box, whereas 
with the present aluminum plate 
only one man is needed for this 
operation. 

The design of the aluminum plate 
is such that there are two 7/16-in. 
thick parallel faces, vented as shown 
in Fig. 17, tied together with ribs 
and bosses of equal metal thick- 
nesses. The plate was cast, annealed 
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at 700° F., and then machined on 
both surfaces. The top and bottom 
plates are 1 in. apart, allowing the 
free circulation of hot gases and 
even heating and cooling. 

For foundrymen to close thei: 
eyes to the competition offered by 
the welding and powder metallurgy 
processes would be dangerous indeed 
Methods of producing castings at 
lower costs and with closer toler- 
ances must be developed. It cannot 
be expected that foundry raw ma- 
terials will cost less. Rather, because 
of shortages, the foundryman must 
be prepared for higher material 
costs. Only through the develop- 
ment of methods to increase pro- 
duction, labor saving foundry 
equipment, and progress in pattern 
design can the foundryman hope to 
compete. 
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HE co: dition of “burnt on” 

or adhering sand can be very 

contrary, and because it is so 
contrary, can be quite puzzling. 
One type of adhering sand, spotty 
“burn on,” seems *o be especially 
puzzling. When this type of adher- 
ing sand is encountered, the cause 
usually can be traced to soft ram- 
ming. This spotty “burn on,” due 
to soft ramming, will vary from 
casting to casting, molder to molder 
and from day to day on the same 
castings. In fact, one part of a cast- 
ing will show bad adhering sand, 
while an adjacent area will peel 
perfectly. 

When this type of adhering sand 
does occur, the foundry seems to 
look always for some mysterious 
change that has occurred in the 
sand. In reality, what has happened 
is that the molder did not ram that 
mold, or that particular part of the 
mold, hard enough. 

Regardless of how refractory the 








SINTERING TEST 


* Report of the Committee on 
Sintering Test, Foundry Sand 
Research Project of A.F.A. 


sand may be, if it is not compacted 
enough, the voids present in the 
sand as rammed are so large as to 
allow mechanical penetration of the 
metal into the sand mass, with bad 
“burn on” resulting. Simply be- 
cause the mold surface was washed 
does not mean that penetration can- 
not occur, as no wash is perfect. It 
can and will spall cr crack in spots, 
opening up potential entries for the 
metal into the open sand back of 
the wash. 


Just such an example of adhering 
sand was submitted to the Sinter- 
ing Test Committee during the past 
year as a very mysterious type of 
“burn on.” Figures | and 2 show 
a large area of this adhering sand 
that could be pried off a large steel 


casting with difficulty. This mass 


Fig. | (Left)—Surface of specimen of ad- 
hering sand in contact with steel. Fig. 2 
(Right)—Opposite surface of specimen of 
adhering sand shown in Fig. |. (Specimen 


size reduced in reproduction.) 





did come off, but other spots could 
not be removed, and there were s 
many of these spots that the casting 
had to be scrapped. 

Figure | shows the surface in con- 
tact the steel It is 
smooth and shows no unusual fusion 


with quite 
However, please note that this sur 
face, which had been washed with 
flour and 
impervious, shows numerous 
These 


imperfections show black in Fig. | 


silica wash should have 
been 


imperfections, mostly cracks 


The reason that they show black 
is that they are filled with steel and 
a little au 
the surface. 
in this case, the passages through 


was present to oxidize 


These small cracks are. 
which the steel penetrated the dense 


wash and permeated the more open 
sand back of the face of the mold. 


Fig. 3 (Left)—Cross section through area 


showing '/4-in. penetration (Fig. 2). 25X, 
vertical illumination. Fig. 4 (Right}—Cross 
section through area showing 1-in. pene- 


tration (Fig. 2.). 25X, vertical illumination. 
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Figure 2 shows the other side of 
this sand mass. Only that part of 
the sand which was permeated by 
the steel has remained in one piece. 
The sand into which the steel did 
not penetrate disintegrated on shake- 
out. The thickness of this mass of 
sand and steel increased from %4-in. 
at the edge to 7-in. in the center. 
Even though this photograph is less 
than natural size, it can be seen that 
the sand in the center of the speci- 
men is quite open. It is in this area 
that the steel penetrated the farthest. 


Mechanical Penetration 


Figure 3 shows a cross section of 
this mass of sand and steel at the 
edge of the penetrated area, where 
the steel penetrated the sand to a 
depth of %4-in. The magnification 
is 25 diameters. The metal penetra- 


tion (white areas) and unchangede 


sand grains (gray) are typical of 
pure mechanical penetration. Note 


that the voids, now permeated by 
the steel, are larger than the sand 
grains, and that the wash is not con- 
tinuous, even though to the unaided 
eye this surface seems to be uni- 
formly covered. 


Figure 4 explains why the center 
of this specimen showed 7-in. metal 
penetration. ‘This area must have 
been rammed very soft, for other- 
wise how can the extremely large 
spaces between the sand grains be 
explained? The particular area in 
this micrograph was taken as far 
back from the sand-metal surface 
as possible, 7g-in. from this surface. 

The metal this far back is starting 
to freeze off and, as can be seen, 
there are two large voids (the black 
areas) that were not filled by the 
metal. Nevertheless, there is. still 
enough steel present to bond the 
sand grains together, making a 
good grinding wheel on the surface 
of ‘the casting. 


Ramming the Mold 


The moral of all this is ram. Ram 
as hard as possible, consistent with 
other properties of the sand in the 
mold. Of course it is possible to 
ram too hard, but soft ramming will 
cause “burn on” as well as swells 
and strains. No sand will peel if it 
is not compacted sufficiently. 
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Do not depend on a wash to do 
everything. It must be backed by 
the proper sand. If spotty “burn 
on” is encountered, do not worry 
about some mysterious change that 
has occurred in the sand, but get 
out the hardness tester and check 
the hardness of the mold; not at the 
parting or some other nice flat sur- 
face, but at the gate, pockets and 
corners. 

These areas are not only the ones 
that are the hardest to ram and 
usually are rammed softer than the 
rest of the mold, but are the ones 
that are partially surrounded by 
metal and are heated to a higher 
temperature. This combination, 
large voids due to soft ramming, 
plus being heated close to the metal 
temperature. makes these areas 
doubly susceptible to penetration by 
the metal with bad “burn on” re- 
sulting. 

CoMMITTEE ON SINTERING TEST 


J. B. Caine, Chairman 

K. J. Jacobson, Vice-Chairman 
W. C. Cress 

D. E. Cutler 

H. W. Dietert 

L. B. Osborn 

H. F. Taylor 

R. O. Wertz 












REFRACTORIES for Electric Melting in the 
FERROUS FOUNDRY 


By E. K. Pryor and L. R. Burke, The Charles Taylor Sons Co., Cincinnati 


EFRACTORIES in electric 

melting operations probably 

receive more severe abuse 
than in any other service. Replace- 
ment is always a matter of weeks. 
Unfortunately, it appears most likely 
that refractories will always have a 
relatively short life in such service. 
This limitation is imposed by the 
very nature of the operation. The 
extreme temperatures involved not 
only mean greater slag and flux 
activity but also tax the heat-resist- 
ing qualities of refractories to the 
utmost. 

Electric furnace design features 
also place a handicap on refractories. 
For efficient operation the furnace 
volume, above that occupied by the 
charge, must be kept to a minimum. 
The result is a relatively small area 
for dissipation of heat. Only small 
design changes are permissible with- 
out seriously disturbing the effi- 
ciency of the melting unit. Such 
changes are being made when pos- 
sible and as the value of the change 
is recognized. 


Refractory Improvements 

This does not mean that we have 
reached the service limit for re- 
fractories in electric melting oper- 
ations. Manufacturers of refracto- 
ries are constantly striving to im- 
prove their product. Improvements 
have not been spectacular but the 
progress has been steady. If a serv- 
ice comparison of a brick made 10 
years ago were made against the 
same brand as made today, the re- 
sults would be remarkably favor- 
able to the latter. 

Manufacturers are definitely 
limited by the known available raw 


materials, 
made through improvement of the 
physical properties. The approach 
in such effort is ably described by 
Birch*. 

The operator of electric melting 
units can play a part in improving 
the service he obtains from refrac- 
tories. In some instances, by ob- 
serving a few precautions in opera- 
tions, a great increase in refractory 
life is possible. 


Most progress must be 


Refractory Failure 

In electric melting refractories 
fail, principally, for the following 
reasons: 

1. Chemical attack by fluxes, 
dusts and slags 

2. Erosion by slags, molten metal 
and charge. 

3. Spalling; thermal, 
and mechanical. 

4. Insufficient refractoriness. 

5. Mechanical abuse. 

6. Insufficient hot strength. 

Almost always each of the fore- 
going factors will contribute to the 
ultimate failure of every furnace 
lining. The degree will vary greatly 
with the type of operation and the 
kind of refractory used. 

Chemical attack or corrosion will 
vary in degree depending upon the 
following factors: 

a. Compositions of the refractory 
and the fluxing or slagging agents. 

b. Fluidity of the reaction prod- 
ucts. 

c. Temperature of furnace. 


structural 


*R. E. Birch, “Phase Equilibrium 
Data in the Manufacture of Refrac- 
tories,” Journal, American Ceramic 
Society, vol. 24, no. 9, Sept., 1941. 


d. Temperature difference be- 
tween hot and cold face of the re- 
fractory. 

Refractories usually are placed in 
three categories; acid, basic, and 
neutral. 

For electric melting operations, 
the following refractories are acid: 


Fire Clay Sillimanite 
High Alumina Zircon 
Kaolin Silica 


There are those who would im- 
ply neutral properties for high 
alumina refractories containing over 
60 per cent alumina, and for sil- 
limanite type refractories. It is true 
that they will resist basic slags and 
fluxes better than materials of lower 
alumina content, but essentially any 
of these products will react acid in 
the presence of strong bases and 
similarly will react 
presence of strong acids. 


basic in the 


Properties of Silica 

Silica will withstand the action of 
iron oxides alone better than the 
alumino-silica refractories, fire clay, 
high alumina, kaolin and silliman- 
ite. The fusion points of these mate- 
rials are lowered markedly by small 
amounts of iron oxides, whereas the 
fusion point of silica is not materi- 
ally lowered until the iron oxide 
concentration approaches 40 per 
cent. 

Similarly, silica will withstand the 
attack of lime without much damage 
until the lime concentration reaches 
27 per cent. Silica will probably 
withstand the attack of fluxes and 
dust in the furnace atmosphere as 
well as any of the foregoing but, 
where temperatures exceed its soften- 





* Electric melting imposes severe refractory service conditions. 


Progress 


has been steady in refractory manufacture, particularly in physical property 
improvements. A few simple precautions observed in electric furnace opera- 


tion will prolong refractory | 





in this increasingly important type of melting. 
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ing point, the more refractory prod- 
ucts, such as high alumina and sil- 
limanite, should be investigated. 
The following refractories are 
basic: 
Magnesite 


Fused Magnesia Forsterite 


Improved Magnesite Refractories 

Magnesite is becoming more 
widely used, almost daily, in the 
side walls of basic direct-arc fur- 
naces. It resists the attack of basic 
slags very well. It is available in 
improved and modified forms that 
are rapidly displacing the old stand- 
ard magnesite brick. Slags contain- 
ing excess silica will attack it quite 
rapidly at temperatures above 
2800° F. Likewise, drip from silica 
roofs, running down the side walls, 
channels into the magnesite with 
alarming rapidity at times. 

This is overcome by some opera- 
tors through the use of a “buffer” 
course of chrome brick between the 
two. Chrome will not react appreci- 
ably with either material. Magne- 
site’s poor spalling resistance and 
low hot-load capacity have limited 
its application somewhat. These 
shortcomings have been minimized 
in recent years, but there is still 
room for improvement. 

Forsterite brick are relatively new 
and have yet to find appreciable 
application in electric furnace oper- 
ations. Basic slags apparently at- 
tack it at a somewhat greater rate 
than in the case of magnesite. 

Fused magnesia is used prin- 
cipally as a lining material for high 
frequency induction furnaces, most 
frequently with an addition of ap- 
proximately 30 per cent of fused 
alumina. Fused magnesia has found 
no other applications in ferrous 
melting. It is not to be confused 
with sintered magnesite, so widely 
used as a basic bottom material in 
three-phase are furnaces. 


Neutral Refractories 

Chrome and fused alumina are 
classed as neutral refractories. 
Chrome comes nearest to being neu- 
tral, chemically, of all the more 
common refractory materials. It has 
very excellent resistance to both 
acid and basic slags and fluxes. 

It is frequently used as a “buffer” 
course between acid and basic re- 
fractories. Perhaps the largest per- 
centage of chrome today is used in 
brick combined with magnesite to 
make the so-called chrome-magne- 
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site refractories that are being more 
widely used day by day. 

The application of the higher- 
chrome-content refractories has 
been limited in electric melting by 
the fact that chromium metal is 
fairly readily reduced from the re- 
fractory during the periods in which 
reducing conditions prevail in such 
operations. Many times this feature 
is given undue stress, but there are 
conditions where it must be consid- 
ered. 

Fused alumina also is rated as a 
neutral refractory, but it does not 
have the resistance to basic and 
acid slags or conditions to the de- 
gree that is often implied. The use 
of straight fused alumina products 
cannot be generally justified outside 
of laboratory operations. 

As pointed out, fused alumina 
has found its principal application, 
when mixed with fused magnesia at 
a ratio of about 30:70, as a lining 
material for high frequency induc- 
tion melting units. In this instance 
it has been very satisfactory, but 
as tile and brick for linings in direct- 
and indirect-arc units, alumina 
products have not shown advantages 
commensurate with the high cost. 


Composition Equilibrium 

Essentially, within practical 
limits, a refractory with a composi- 
tion most nearly in equilibrium with 
the slags and fluxes present in the 
melting operation should be chosen. 
Thus in a basic operation the use 
of magnesite products will gener- 
ally give the most satisfactory re- 
sults, as will silica in acid melting 
operations. 

Other factors to be discussed limit 
the degree to which this may be 
carried out. A compromise is always 
necessary in the selection of a re- 
fractory for a high temperature 
melting operation. 

The fluidity of the slag or reaction 
product has a great influence on the 
degree of destruction of refractories 
by chemical attack. If the slag is 
quite fluid and flows over the face 
of the refractory with relative 
rapidity, the corrosion rate also is 
rapid. The products of the corro- 
sion are carried away, leaving a 
new surface of refractory open for 
attack. 

As the viscosity of the slag or 
reaction product. increases, the rate 
of the attack is reduced proportion- 
ately. A point may be reached 


where, actually, the reaction prod 
uct is of such viscosity and refrac 
tory nature that it will effectivel: 
serve as a protective layer agains 
further attack. This condition 
seldom if ever reached in electri 
melting operations. 


Operating Temperatures 

The temperature at which melt 
ing operations are carried out wi 
likewise affect the chemical attac} 
In some instances, chemical activit 
increases most markedly with ten 
perature rises. This, coupled wit! 
increased fluidity of reaction prod 
ucts, means greatly accelerated er 
sion rates. 

Temperature limits can be, an 
often are, very critical. Not infr 
quently, by carrying the tempera 
ture even 20 or 30 degrees lowe: 
a marked improvement in refractory 
service is obtained. It is certain that 
silica roofs and side walls are not 
going to stand up at temperatures 
of 3100° F. as well as they will at 
3050° F. 

In the case of basic brick, tem 
peratures that will actually fuse th 
brick are not likely to be reached 
Temperatures can be and ar 
reached that will soften the bond 
betwen the refractory grains of th: 
brick. Thus, the brick loses most 
of its strength. 

Molten metal and slag, if activ: 
may wash the bonding materia! 
from around the refractory grains. 
which are in turn carried away. B« 
cause of the lack of hot strengt! 
basic brick have not yet been suc- 
cessful in direct-arc furnace roo! 
construction. 

The temperature difference be- 
tween the hot face and the cold fac: 
of the refractory is important. It 
is because of this difference that 
brick can be used at temperatures 
equal to their fusion point. 


Temperature and Load 

That portion of the brick away 
from the heat source carries t!\ 
structural load—if the brick were +t 
the hot face temperature throug 
out, failure would be rapid. Insul.- 
tion of direct-arc furnaces will | 
sen the life of the refractories, 
the outer surface of the brick te: 
to approach the extreme tempe! 
tures of the hot face. 

Likewise, the steeper the temp: 
ature gradient, that is, the grea‘ 'r 
the difference between the hot- a 
cold-face temperatures, the less ' 
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penetration of fluxes and slags into 
the brick proper. This latter, of 
course, means a slowing down of 
chemical attack and, too, a lesser 
depth of vitrification of the refrac- 
tory. This is important in the con- 
sideration of spalling. 

The porosity of the refractory 
also affects the rate of chemical 
attack. If the brick is open in 
structure, the metallic vapors and 
fluxes can penetrate into the brick 
structure more readily and thus 
attack a greater portion of the brick 
at one time. As has been mentioned, 
the composition of the refractory 
relative to that of the slagging or 
fluxing agents present will markedly 
affect the reaction rates. 

As previously stated, FeO will 
not attack silica refractories at an 
appreciable rate alone until a con- 
centration of 40 per cent FeO is 
reached, but the addition of a small 
amount of alumina will tause the 
reaction to proceed rapidly and with 
but a small percentage of FeO pres- 
ent. Similarly, an FeO-CaO slag 
will not attack magnesite brick 
appreciably, but if SiO, is substi- 
tuted for the CaO the attack will 
be rapid. 


Refractory Erosion 


Erosion of refractories is the 
wearing away of the refractory by 
slags, molten metal and flame or 
flux burdened hot air currents over 
their surfaces at varying rates. In- 
variably this is a combination of 
mechanical and chemical wear. 
Generally speaking, the more rapid 
the rate of flow, the greater the 
amount of erosion for a given period 
of time. 

In furnaces such as the high fre- 
quency induction and indirect-arc 
rocking-electric, erosion is inherent 
to their operation; in the direct-arc 
unit it is incidental, varying with 
bath activity. In no case can it be 
completely avoided. 

Spalling. Spalling is the separa- 
tion of a brick or refractory mass 
into two or more pieces, resulting 
from stresses incurred under service 
conditions. Spalling is of three 
types; thermal, structural, and me- 
chanical. 

Thermal spalling is the result of 
rapid and unequal expansion or 


This paper was secured as part of the 
1945 “Year-Round Foundry Congress” 
and is sponsored by the Refractories 
Committee of A.F.A. 


contraction of a refractory mass due 
to non-uniform heating or cooling 
of the mass. This can never be 
completely eliminated in production 
operations. With care in the selec- 
tion of the refractories, and in the 
operation, it can be minimized. 


Heating and Cooling Rates 

Most important is the selection of 
heating and cooling rates best suited 
for the refractories involved, and 
making certain that the furnace is 
protected from air currents circu- 
lating through it as the unit is 
cooled. 

Thermal spalling may be recog- 
nized by the typical “cobblestone” 
appearance of the surface of the 
masonry. Silica, magnesite, and 
chrome refractories are most sub- 
ject to thermal spalling; sillimanite 
types and super-duty fireclay re- 
fractories the least. Generally speak- 
ing, a refractory of open “elastic” 
structure will be the most spall re- 
sistant. 

The more dense and finer-grained 
brick are most likely to be suscep- 
tible to spalling. Other things being 
equal, the brick having the greater 
expansion coefficient will spall the 
Silica is unique in that it 
undergoes two abrupt volume 
changes in being heated to a tem- 
perature of 1100° F. Above that 
temperature it is practically volume 
stable and can undergo marked 
temperature changes without dam- 
age. 

Extreme caution should be ob- 
served when heating or cooling it 
between 300 and 500° F., and again 
from 900 to 1125° F., as all thermal 
spalling of silica will occur within 
these temperature ranges. 


most. 


Structural Changes 

Structural spalling results from a 
change in the physical structure or 
mineral composition of a refractory 
due to the action of heat or the 
combined action of heat, slags and 
fluxes. Often this change results in 
a material more subject to thermal 
spalling or shock than the original 
structure. 

Thus, when a brick end has 
become vitrified or glass-like, the 
resulting brittle mass can stand very 
little temperature variation without 
undue stresses developing within the 
mass, which stresses are relieved only 
through cracks forming in the brick. 

Similarly, when heat has caused 


the bond between the _ refractory 
grains to soften, the entire mass 
shrinks into a more dense form of 
less porosity and volume. In this, 
and the first condition, the altered 
part of the brick tends to pull away 
from the original structure at the 
transition zone between the two 
Relatively slight thermal 


or mechanical shock that otherwise 


portions. 


would have no effect may result in 
a separation near the transition 
zone. 

New mineral forms, resulting from 
the action of heat and from chemi- 
cal attack, may be of greater or less 
specific volume, resulting in a con- 
dition similar to shrinkage. The 
expansion characteristic also may be 
altered in the new mineral form 
Any of these will mean a greater 
tendency spalling. Such 
spalling is “structural,” 
although thermal shock may play an 
important part in ultimate failure 


toward 
called 


Alumino-silica refractories such as 
super-duty, fire clay, and sillimanite 
or mullite types, along with mag- 
nesite and chrome, are more likely 
to suffer structural changes result- 
ing in structural spalling than is 
silica. 

Masonry Structure 

Mechanical spalling is the result 
of concentrated stresses developed 
in the masonry structure, generally 
due to faulty masonry. When these 
stresses are sufficiently great the 
brick fractures to relieve these 
strains. This type of spalling is most 
generally found in arches that have 
been laid up too tightly. 

When they are heated the expan- 
sion of the brick causes the crown 
to push upward and the stresses are 
concentrated in the lower edge of 
the brick, on the under side of the 
arch, rather than being distributed 
over the entire brick surface. 
“Pinching” results, the lower ends 
of some of the brick breaking away 
until the stress distribution is more 
uniform. 

Insufficient Refractoriness. This is 
not unusual in electric melting oper- 
ations. Fireclay refractories almost 
invariably fail in electric melting 
operations because they begin to 
soften long before actual melting 
begins. Most high quality fireclay 
refractories have a fusion point at 
temperatures of about 3100° F., but 
they soften well below this tempera 
ture and it is doubtful if they are of 
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much use in electric furnaces at tem- 
peratures of about 2950° F. 

Silica has a fusion point just below 
3100° F., but fortunately it does not 
soften until just a few degrees below 
its fusion point. Its usefulness in 
electric melting is markedly greater 
than that of fireclay products in 
spite of the fact that the latter have 
a considerably higher fusion point 
in some instances. Sillimanite has a 
fusion point approximately 3335° F. 
and, like silica, does not soften until 
within a few degrees of the fusion 
temperature. 


Fusion Temperatures 

Both chrome and magnesite re- 
fractories have fusion temperatures 
above those used today in electric 
furnaces. Unfortunately, the bond 
material in these brick will soften 
at much lower temperatures, so the 
brick fail if stressed or loaded to any 
appreciable degree. Zircon, which 1s 
finding application in electric melt- 
ing, also has an extremely high 
fusion point. 

Much has yet to be learned of the 
limitations of zircon in, electric fur- 
naces. It does seem to have merit 
when used in indirect-arc rocking 
electric furnaces melting ferrous 
alloys. High alumina fireclay brick 
have sufficient refractoriness but are 
subject to excessive shrinkage when 
exposed to high temperature for long 
periods, such as in electric furnaces. 
They too soften at temperatures ap- 
preciably below their ultimate fusion 
temperatures. 

Mechanical Abuse. Mechanical 
abuse is something about which the 
refractories manufacturer can do 
nothing. It is strictly a plant opera- 
tor’s problem; a difficult one today 
with the class of labor now available. 
Most mechanical abuse takes the 
form of direct destruction of refrac- 
tories by lack of care in charging 
and rabbling. 

Such abuse generally contributes 
more than is realized to the ultimate 
failure of refractories, particularly 
those about the doors and at the 
metal line. Guarding against such 
abuse deserves more time and con- 
sideration than is usually given it. 

Insufficient hot strength is found 
principally in fireclay refractories 
and in chrome and magnesite prod- 
ucts. In the former, the entire mass 
of the brick softens and will not 
support a load. A roof of fireclay 
will sag while it is otherwise still 
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serviceable, particularly if the opera- 
tion is a cold melting one. 

This sagging is due to the loss of 
hot strength as the brick progres- 
sively softens at temperatures well 
below its ultimate fusion point. If it 
were not for this, fireclay refractories 
would undoubtedly be used for roof 
construction in many more opera- 
tions than it is at present. With 
chrome and magnesite refractories, 
the basic refractory grains do not 
soften but the matrix or bond sur- 
rounding these grains does. 

As liquid develops in this matrix 
it acts as a lubricant to the grains 
so that they may slide over one 
another; when sufficient liquid de- 
velops the brick will no longer stand 
any loading. Grain shape and char- 
acteristic determine the amount of 
liquid necessary before failure occurs. 
If the grains are rough, more liquid 
is required than when they are 
rounded and smooth. If they had in- 
terlocked surfaces they probably 
would be able to stand up until 
chemical attack alters the surface. 

Unfortunately, grain intergrowth 
does not occur in magnesite refrac- 
tories, and increasing the hot strength 
of these refractories is a difficult 
problem. Progress is being made, but 
it appears that it will be some time 
before a basic roof for electric fur- 
naces will be possible if made in the 
conventional sprung-dome form. 

Silica, sillimanite types and super- 
duty fireclay refractories have the 
greatest hot strength under load; 
magnesite and chrome the least. 


Direct-Arc Furnace 


Roof Construction. Since by far 
the largest percentage of electrically 
melted ferrous metal is produced in 
this type of unit, it is logical that 
refractories for the direct-arc fur- 
nace should be considered first. 


The principal causes of failure of 
the refractories in a direct-arc fur- 
nace roof are chemical attack from 
the furnace atmosphere, spalling, 
and temperature. These causes are 
not necessarily listed in the order of 
importance, as the more serious of 
these various factors of destruction 
will vary from plant to plant. In all! 
cases, however, each will contribute 
significantly to the ultimate failure 
of the refractory. 

It might be well to stress that, 
while the main body of the roof 
construction is subject to attack as 


previously indicated, the conditions 
causing failure are more intensified 
at the center portion of the roof, 
and more specifically around the 
electrode openings. 

The chimney effect created by 
these openings results in the constant 
washing of the refractory around the 
opening by the flux-laden atmos- 
phere of the furnace. The chemical 
attack on the refractory at this point 
of the roof construction is thus 
greatly accelerated. In addition, 
thermal spalling is more serious in 
this part of the construction. 

Realizing this fact, it is not diffi- 
cult to comprehend why roofs are 
so often removed from service due 
to failure of the delta-section while 
there is still a serviceable thickness 
of refractory remaining in the bal- 
ance of the roof. Investigation of a 
super-refractory, such as sillimanite, 
to reinforce this portion of the con- 
struction“ night be advantageous. 


Silica in Roof Construction 

Silica is by far the most com- 
monly used refractory material for 
roof construction in this type of melt- 
ing unit. The relatively high hot 
strength of silica makes it particu- 
larly adapted to this application. 

While it is conceded that neither 
the fusion point nor the resistance 
to chemical attack by the fluxes 
present is the ultimate for an electric 
furnace roof refractory, it must be 
agreed that silica is sufficiently re- 
sistant to these forces of destruction 
to make its application practical. 


A serious objection to the use of 
silica roof construction is its charac- 
teristic irregular expansion, which 
makes the material susceptible to 
thermal spalling. This characteristic 
is particularly objectionable where 
the furnace operation is intermittent. 


A satisfactory solution to this diffi- 
culty is the use of a gas burner in 
the furnace to keep the temperature 
above the critical expansion range 
of silica. The tendency of silica to 
spall might also be a factor in top- 
charge furnaces, but under norma! 
operation the roof is not off the fur- 
nace long enough to cool the brick 
below the critical temperature. 

In either of these instances, th: 
use of an improved silica cement: 
now available will help reduce ex 
cessive wear of silica brick or shape 
due to thermal shock. While th: 
cement will not prevent the silico 
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from cracking, it will be of positive 
aid in preventing the cracked por- 
tion of the brick from falling away 
to leave new surfaces exposed to 
further attack. 

Another serious objection to silica 
roof construction is contamination of 
the slag from silica drip. Under cer- 
tain operating conditions, this silic- 
eous drip can be sufficiently serious 
to make a silica roof impractical. 
This factor is of consequence only 
in basic operation. 

As indicated, despite the common 
application of silica for roof con- 
struction, it does have its shortcom- 
ings. Consequently, we find other 
refractory materials used in place of 
silica. Due to their increased thermal 
spalling resistance, super-duty fire 
brick are sometimes used successfully 
in place of silica, but the extent of 
the application, is limited because of 
the characteristic softening of such 
brick under load at temperatures 
appreciably below their fusion point. 

Alumina-diaspore, or high alumina, 
kaolin, and sillimanite are used to a 
limited extent. Despite the relatively 
high initial cost of these materials 
over fireclay and silica, their appli- 
cation proves economical under cer- 
tain operating conditions. The good 
hot-load bearing and high refractory 
characteristics of these materials 
make them adaptable to the applica- 
tion under discussion. 


Roof Refractory Properties 

The excessive shrinkage of the 
diaspore-alumina material is objec- 
tionable, and undoubtedly is a limit- 
ing factor in its use for roof con- 
struction. All of the foregoing mate- 
rials, being AlI,0,-Si0. refractories, 
are adversely affected by the iron 
oxide dusting from the furnace at- 
mosphere. 


The diaspore-alumina and _silli- 
manite refractories are also subject 
to structural spalling resulting from 
the absorption of fluxes at the hot 
face. 

The reaction of the refractory 
with these fluxes, at the high operat- 
ing temperatures, forms a product 
with a different specific volume than 
the original brick. When the furnace 
cools, this reaction product peels 
away from the main body of the 
refractory, leaving new surfaces ex- 
posed to attack. Depending upon 
conditions, the effect of this reaction 
will be to a depth of ¥2 to 1 in. 


Despite these limiting factors, silli- 
manite, due to its high refractoriness, 
excellent hot strength and resistance 
to thermal spalling, is particularly 
adapted for electric furnace roof 
construction. The high cost of silli- 
manite is the principal consideration 
limiting its more general acceptance 
for this application. 


Chrome-Magnesite Refractories 

Although chemically suited and 
amply refractory for direct-arc fur- 
nace operation, chrome-magnesite 
brick have not been used in electric 
furnace roof construction with any 
success. The lack of application can 
be attributed to the structural weak- 
ness of the present basic brick, which 
will not withstand the stresses and 
strains of the present dome-shape 
construction. 

In this structural 
spalling, due to iron oxide absorp- 
tion at the hot face, would also be 
encountered. This type of brick is 
also susceptible to thermal spalling. 
These latter two factors, however, 
would not prove too serious if the 
manufacturers of basic brick are able 
to improve significantly the struc- 
tural weakness of the present day 
product. 

Investigations are now under way 
to develop basic roof brick for the 
basic open-hearth furnace. Develop- 
ments from this work may prove 
adaptable in foundries following the 
basic practice. 

Bottom. Although subject to sig- 
nificant slagging action, it is prob- 
ably the abrasion from charging 
that is the most serious factor affect- 
ing the furnace bottom. The main- 
tenance of a tight monolithic struc- 
ture also is important, as develop- 
ment of cracks will permit penetra- 
tion of molten metal, resulting in 
eventual disruption of the hearth. 


application, 


In acid practice, the hearth will 
be a monolithic construction of 
either sand or ganister. In _ basic 
practice, the hearth will be a sintered 
magnesite, or more likely, a rammed 
magnesite. This latter, a relatively 
new development, seems to have be- 
come definitely established practice. 


Side Walls. The side wall refrac- 
tory must withstand chemical attack, 
as well as the erosive action of mol- 
ten metal. The metal line of the 
side wall is particularly vulnerable 
to the destructive action of fluxes, 
slag, and molten metal. Where rea- 


sonable care is not exercised, mech- 
anical abuse can be a significant fac- 
tor in side wall failure. 

In acid practice, the side wall will 
be silica brick. At least one operator 
is using a sillimanite plastic for the 
side wall construction but, due to 
the initial cost of this material, few 
such applications could be justified. 

In basic practice, complete side 
wall construction of magnesite brick 
is generally used. Rather than use 
this more expen.ive class of brick 
up to the roof skew, some operators 
prefer to limit the application to 
several courses above the slag line, 
finishing the construction with silica 
brick. 

A course of neutral chrome brick 
is recommended between the acid 
silica and the basic magnesite. The 
elimination of this course of brick, 
however, has not proved to be of 
any serious consequence in actual 
practice. 

Door Arches and Jambs. Since this 
portion of the refractory construc- 
tion is, in effect, part of the side 
wall, it is subject to the same factors 
affecting the life of the side wail 
above the metal line. In addition, 
door arch and jambs must also with- 
stand thermal spalling. 


General Refractory Uses 


In general, the refractory used for 
the side wall construction will also 
be used for the door arch and jambs. 
In furnaces of 1000-lb. rated capac- 
ity or larger, super-duty brick or 
sillimanite are sometimes used to 
take advantage of the spall-resistant 
characteristics of these materials. 

On units of under 1000-lb. rated 
capacity, it is not particularly prac- 
tical to construct the door arch and 
jambs of a material different from 
that used in the side wall. Where 
door arch and jamb maintenance is 
a particularly serious problem, the 
use of water cooling in place of the 
refractory should solve the problem. 
However, this type of construction 
in the foundry-size units has not 
found application to date. 

General. Before leaving the sub- 
ject of the direct-arc furnace, it 
might be pertinent to call attention 
to the unnecessary damage that is 
done to side wall and roof refrac- 
tories from the use of high-tap volt- 
age at the start of the melt down. 


It is debatable that any time 
benefit is actually gained by starting 
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the furnace on high tap but, even 
conceding that very questionable 
point, it is safe to say that any sav- 
ing in time is made at a cost out of 
proportion to the resulting damage 
to the exposed refractories. The use 
of intermediate tap until the elec- 
trodes are buried in the charge will 
pay worthwhile dividends in pro- 
longed refractory life. 


High Frequency Induction Furnace 

By comparison with direct-arc fur- 
nace melting, the tonnage of foundry 
steel] melted in this type of unit is 
small. Also, by comparison with the 
direct-arc furnace, the high fre- 
quency induction furnace is a small 
consumer of refractories. However, 
the refractory problems encountered 
are of no less consequence. 

The refractory material used to 
form the crucible must have good 
hot strength, not only to meet the 
service conditions imposed, but also 
because the refractory crucible thick- 
ness must be kept at a minimum in 
order to realize the highest possible 
electrical efficiency. 

The refractory crucible must also 
withstand the fluxing action at the 
metal line, as well as erosion through- 
out the crucible depth. These con- 
ditions are aggravated by the con- 
tinual self-stirring action of this type 
of melting unit. 

In commercial size units, the 
crucible will be either a rammed 
ganister or a rammed mixture of 
fused alumina and magnesite. The 
material used will, of course, depend 
upon whether the process is acid or 
basic practice. 


Rammed Linings 

In acid operation, it has been re- 
ported that a rammed sillimanite 
lining is outlasting silica three to 
one. This application of sillimanite 
is very limited, but perhaps a more 
extended investigation might be 
worthwhile in acid practice. 

The use of preburned crucibles is 
limited to the laboratory size units 
due to the difficulties of manufactur- 
ing and handling such a crucible. 
Where a preburned crucible is used, 
the space between the crucible and 
the coil is packed with magnesia, 
fused alumina, or silica sand. Zircon 
sand also is reported to have been 
successfully used for such applica- 
tion*. 


While the crucible construction 


represents the major refractory ap- 
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plication, there are two other appli- 
cations which warrant attention. 
One of these is the use of a plastic 
material for coating the inside sur- 
face of the copper coil prior to the 
installation of the crucible. 

This material should have good 
air-setting properties and a high 
specific resistivity factor. It also is 
important that the material with- 
stand any tendency to crack. The 
thickness of this lining will be ap- 
proximately %-in. This refractory 
serves as a protection to the copper 
coil in the event of crucible failure 
during operation, and also serves to 
give rigidity to the copper coil. 

The second minor refractory con- 
sideration is the use of a refractory 
to form the lining above the slag 
line, including the spout. This por- 
tion of the furnace is subject to 
serious mechanical abuse, as well as 
to metal erosion when the furnace 


is tapped. 


Mechanical Strength 

Since the refractory used for the 
construction, of this part of the fur- 
nace is not subject to sufficient tem- 
perature for any period of time to 
develop a good ceramic bond, it 
must have good cold-setting proper- 
ties to provide the necessary mechan- 
ical strength. The material used must 
also be sufficiently refractory to with- 
stand the temperature of the molten 
metal while the furnace is dis- 
charged. A sillimanite plastic will 
very satisfactorily answer all the re- 
quirements of the refractory in this 
application. 
either 
with 


Homemade mixtures of 
basic or siliceous materials 
sodium silicate or high temperature 
fireclay cement can also be used. 
While this latter practice is an in- 
expensive solution, it is questionable 
that the service is comparable to that 
obtained from the sillimanite ma- 
terial. 

Ferrous foundry operators have 
found this melting unit to fill a defi- 
nite need in certain classes of work. 
Its use in ferrous melting operations 
has grown markedly during the past 
12 or 15 years. 

As melting operations for iron and 
steel are carried on at greater tem- 
peratures than are normally used in 
non-ferrous work, the refractory 





*G. F. Comstock, “Lining a Small 
Induction Furnace,” Metal Progress, 
Dec., 1939. 


manufacturer has been faced with a 
real problem to develop an all- 
around good refractory. 

Refractories for these melting units 
must be able to withstand chemical 
attack, erosion, thermal and struc- 
tural spalling and, to some degree, 
mechanical abuse. Likewise, they 
must have a high fusion point. 

While all portions of the lining 
are subjected to extreme tempera- 
tures, those parts that are washed 
by the metal as the furnace rocks 
do not suffer particularly from ex- 
cessive heat. However, this advan- 
tage is overcome by the erosion re- 
sulting from the washing action of 
the metal bath. 


Thermal Shock 

The whole furnace lining is sub- 
jected to thermal shock during shut- 
down periods. This can be minimized 
if care is taken, to keep the furnace 
closed as tightly as possible after 
the power is cut off. Thermal shock 
is always a hazard around the docr, 
even during operating periods. 

Chemical attack, while not pro- 
nounced if care is taken to charge 
relatively clean scrap, is always pres- 
ent to a degree. Most operations 
are carried on without slagging 
Thus the only slag produced is that 
formed by reactions between foreign 
material in the charge and the re- 
fractory. 

This slag is quite viscous and, ex- 
cept for the rocking action, might 
otherwise serve as a protective coat- 
ing on the lining. In normal operat- 
ing procedures the furnace atmos- 
phere is relatively clean and con- 


tributes very little toward lining 
destruction. 
Where the furnace is used in 


duplexing operations, high power in- 
puts are not necessary. Under such 
conditions lining life is much im- 
proved over cold melting practice. 


Selecting Refractories 

As in all electric melting opera- 
tion, it is difficult to conceive of a 
fully satisfactory refractory for this 
service. Basic brick will not do for 
reason of their high thermal expan- 
sion and poor spall resistance. Silica 
fails to meet the requirements for 
the same reason. 

Fireclay refractories fail in cold 
melting because of their wide soften- 
ing range and poor chemical resist- 
ance. In duplexing operation, super- 
duty fireclay products often do a 
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very excellent job, and in some in- 
stances do a fair job where cold 
melting is practiced. 

Most operators have found that 
sillimanite or mullite types of refrac- 
tories give the best and most eco- 
nomical service in the long run. 
Their high melting point without a 
wide softening range, plus their ex- 
ceptional resistance to spalling, cou- 
pled with better than usual resist-- 
ance to fluxing, make them most 
fitted for this application. 

Even so, some operators find that 
it pays to balance out the lining life 


by the use of silicon-carbide refrac- 
tories as door blocks. Some also use 
aluminum-oxide refractories for elec- 
trode sleeves, but the advantage of 
this is debatable. 

Zircon refractories are now being 
used as linings in the indirect-arc 
rocking furnace. The application has 
been limited so far, but the results 
re quite encouraging. They are ex- 
tremely refractory, but the resistance 
to spalling is somewhat lower than 
that of sillimanite or mullite 

This factor is overcome by using 
sillimanite door shapes. With this 
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combination it appears that double 
lining life is assured. Since the cost 
of zircon is approximately twice that 
of sillimanite, the principal saving 
is in the cost of labor and a reduced 
number of shut downs for relining. 

More development work is neces- 
sary before one can be assured that 
zircon will be the most economical 
lining for the indirect-arc rocking 
furnace in all ferrous melting opera- 
tions; where lining life is not satis- 
factory it would certainly be worth 
investigating 











DENSITY 
Light Alley Castings 


By M. W. Daugherty and L. W. Kempf, 


Aluminum Research Laboratories, Aluminum Co. of America, Cleveland. 


ENSITY determinations 

have long been used in the 

copper industry as a measure 
of the soundness of castings. The 
literature abounds in references de- 
scribing investigations in which the 
densities of copper and copper alloy 
castings vary over ranges as high as 
8 or 10 per cent. Density determina- 
tions are also made as a matter of 
routine in some plants producing 
copper and copper alloy ingots for 
working. 

It is generally agreed, at least in 
the literature, that the sources of 
unsoundness in copper castings are 
shrinkage and the evolution of gas 
during the solidification of the metal. 

Aluminum alloy castings are 
known to suffer from unsoundness 
due to the same causes. By analogy, 
it would appear that density deter- 
minations might be of use in the 
examination of the soundness of 
aluminum alloy castings. 

The principal non- -d&fructive 


method in use at present for the 
determination of the soundness of 
aluminum alloy castings are radiog- 
raphy and fluorescent oil-black light 
examination. 

Radiography is probably the most 
generally useful of the non-destruc- 
tive tests. It has the advantage of 
defining the voids as to size and 
location, but has the drawback of 
relatively high cost and a sensitivity 
which is limited to about 3 per cent 
of the section thickness being exam- 
ined. Also, radiographic examina- 





Fig. 5—Radiograph showing shrinkage zone 
in section of intake rocker box from an air 
cooled cylinder head casting. 


tion does not yield quantitative 
values which may be used as an 
independent index of soundness. 
Examination by the fluorescent 
oil-black light procedure is limited 
to the determination of voids whicl 
have an opening to the surface of 
the object being examined. 
Preliminary determinations on 
miscellaneous aluminum alloy sand 
castings indicated variations in den- 
sity of up to 3 per cent. Since th 
density determination, even on rela- 
tively large objects, generally can b 
made with an accuracy of at least 
0.1 per cent, using the usual method 
of weighing the specimen in ail 
and suspended in a liquid, 
appeared that density determina 
tions might be useful in laboratory 


investigations and, perhaps, und: 





* This paper discusses the possible errors involved 
in the use of density determination for measuring 


the soundness of castings. 


It suggests some 


methods for reducing these errors to a minimum 
and illustrates the application of the methods. 
Some observations are made on the practical 
significance of variations in density of castings. 
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some conditions, even for commer- 
cial inspection. It immediately be- 
comes desirable to determine the 
limits of significant measurement. 


Determination of Density 

The density determinations in the 
investigations to be described were 
made on four balances of 0.4-, 1.5-, 
5- and 35-lb. capacity, respectively. 
With each specimen the balance of 
smallest possible capacity was used. 
The precision of the balance was 
such that the ratio of the mean 
weight of a specimen, observed in 
repeated weighings, to the maximum 
deviation from the mean was in no 
case less than 4000 to 1. 

With a given balance, the ratio 
decreases with the weight of the 
specimen. Consequently, the pre- 
cision of the balance must be such 
that a ratio of at least 4000 to 1 
is obtained with the lowest weight 
of specimen for which the balance 
will be used. These conditions con- 
fine the expected variations in re- 
petitive weights to within 0.025 per 
cent, which is adequate to permit 
keeping the maximum error in the 
density determination below 0.1 per 
cent. 

The immersion liquid used was 
a 0.04 per cent solution of a wetting 
agent in tap water. The wetting 
agent is quite necessary, otherwise 
difficulties are encountered because 
of air bubbles clinging to the cast- 
ings. The immersion liquid was 
maintained within 5° C. of a specific 
temperature and all determinations 
reduced to a standard temperature. 

The volume coefficient of thermal 
expansion of the alloy being investi- 
gated, and the temperature coeffi- 
cient of density of the immersion 
liquid are, of course, necessary for 
the reduction of determinations to 
a standard temperature. 


Determination of Void-Free Density 

For the determination of the vol- 
ume of voids in a casting, it is 
necessary to know the density of the 
casting if free from voids. The de- 
termination of the void-free density 
of a specific casting is a somewhat 


complex problem. It is not sufficient 
to determine the density of a single 
void-free specimen of a standard 
alloy experimentally, and use the 
value obtained as the established 
density of the alloy. 

The effect on density of variations 
in composition among random cast- 
ings, within acceptable specification 
limits, would introduce intolerable 
errors. For example, with 195 alloy 
the permissible variation in composi- 
tion within the Army-Navy Aero- 
nautical Specification AN-QQ-A- 
390 would make possible a variation 
of 1.63 per cent in density, which 
is more than half the expected max- 
imum variation in density in com- 
mercial sand castings of this alloy. 

If the average chemical composi- 
tion of a casting is accurately known 
and the void-free density is calcu- 
lated by the formula for the density 
of mixtures, assuming that the alloy 
is merely a mixture of its constituent 
elements, the density so calculated 
is, in most cases, lower by a few 
tenths of a per cent than the density 
determined on a specimen of the 
same composition which has been 
forged or otherwise worked to a re- 
duction of 80 per cent or more. 

This difference results from the 
contraction in volume which usually 
accompanies the alloying of two or 
more metals. The calculated density 
can be satisfactorily adjusted to 
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actual void-free density by applying 
a correction factor based on an ex- 
perimental determination on a 
worked specimen of the alloy. 
Once _ the 
established for any 


proper correction has 
been specific 
composition within the specification 
limits of, a standard alloy, that cor- 
rection can be used without objec- 
tionable error for any other analyzed 
heat of that alloy, in view of the 
relatively small variations in com- 
position within specification limits. 
Unfortunately, in most production 
procedures the exact chemical com- 
position of each specific casting is 
not known, even though the routine 
does insure each casting being with- 
in specification limits. 


Void-Free Specimen 

The shortcomings of the 
going described methods of estab- 
lishing the void-free density of a 
casting led to the development of 
a procedure which was utilized in 
these investigations. A portion of 
the same batch melt, well stirred, 
from which the casting is made is 
poured into a small metal mold of 
such design that the casting is prac- 
tically free from voids. 


tore- 


Figure | illustrates a casting made 
in a mold which has been found 
satisfactory for standard density 
specimens. For an even higher de- 
gree of accuracy, such a standard 





Fig. |—Density cone casting showing density specimen before and after hot pressing. 
Outlined section indicates part used as density specimen. 
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density specimen may be hot pressed 
or otherwise worked to eliminate any 
small amount of voids. Experience 
with many hundreds of these stand- 
ard density specimens indicated that, 
even without pressing, they rarely 
contain more than 0.15 per cent 
voids. 

The standard density cone, or 
specimen, is, in most cases, poured 
at the same time as the casting on 
which the void determination is to 
be made, but in some cases it is 
poured from a remelt of the whole 
casting. The remelt of part of a 
casting cannot be used for a stand- 
ard density specimen to represent 
the whole casting without danger of 
serious error from segregation. 


Complex Castings 


With a complex casting involving 
many differences in section, and 
thus markedly different solidification 
rates, variations in copper concen- 
tration as high as 0.75 per cent may 
occur in the case of aluminum alloys 
containing 4 to 8 per cent of copper. 
For the same reason, the analysis of 
filings or machinings from a casting 
cannot be used for an analysis upon 
which to base a calculation of void- 
free density. 

In utilizing the standard density 
specimen for the establishment of 
the void-free density of a specific 
casting, possible error from variation 
in microstructural condition between 
the standard specimen and the cast- 
ing must be considered. 

The density of an aluminum alloy 
varies with the distribution of the 
alloy elements between the alu- 
minum solid solution and the pre- 
cipitated form of the specific ele- 
ments. Such variations in density 
may amount to as much as 0.5 per 
cent, but can be completely elim- 
inated by determining the density 
of both the casting and its accom- 
panying standard specimen in the 
annealed condition. 

By properly recognizing the previ- 
ously discussed sources of error, per- 
centage void determinations can be 
made with a total maximum error 
of 0.2 per cent. The usual or aver- 
age error would be much less than 
this, perhaps 0.06 per cent. This 
order of error appears to be satis- 
factory for the examination of light 
alloy castings. 

The determination of the practical 
significance of variations in density 
of commercial castings is not simple. 


A number of approaches to the 
problem have yielded useful data 
from which a fairly satisfactory pic- 
ture of general effects can be con- 
structed; however, it must be con- 
fessed that the assignment of quan- 
titative values to the various factors 
involved is, as yet, impossible. 


Molding Method 


In one investigation, 88 specimens 
of a cylinder head casting for an 
air-cooled radial aircraft engine 
were examined. These castings were 
all from a pattern which had been 
in fairly large production for a con- 
siderable period of time. The cast- 
ings were made in dry sand molds 
by methods which have become con- 
ventional for this type of produc- 
tion. 

The casting was molded in a 
vertical position, the open end up 
and the rocker boxes down. A ring 
riser extended upward from the 
flange, with enlargements over each 
of the rocker boxes. The molten 
metal was poured from two hand 
ladles simultaneously directly into 
the risers. 

All of the 88 specimens had been 
scrapped for mechanical reasons, 
such as core shift, accidental under- 
cutting during cleaning, etc. The 
castings were numbered arbitrarily 
from one to eighty-eight, and the 
density of each determined as de- 
scribed in the foregoing paragraphs. 
The void-free density of each head 
was determined by remelting each 
casting separately and pouring a 
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density specimen from every melt 

The density standard specimen 
were also hot pressed to insure th: 
elimination of such voids as migh: 
be present in the small chill-cas: 
specimens. The results of these de 
terminations are presented in Fig. 2 
bottom line of graph. It will b 
noted that the voids varied mostl, 
between 0.90 per cent and 1.85 pe: 
cent, with three castings below and 
five above this range. 

It has become a fairly genera! 
practice with aircraft engine manu- 
facturers to specify the maximum 
amount of visible pinhole porosity 
which is acceptable on machined 
surfaces of this type of casting. In 
a common method of producing th: 
castings, the open or barrel end is 
upward in the mold, and a continu- 
ous riser connects to the open end 


Pinhole Porosity 

Some manufacturers judge the 
amount of pinhole porosity in a 
specific casting by very carefully 
machining the bottom surface of this 
ring riser and visually estimating the 
amount of pinhole porosity by com- 
parison with accepted standards. A 
similar rating was made on each of 
the 88 cylinder heads by cutting the 
flange section from the cylinder head 
and machining the surface which 
would be adjacent to the ring riser, 
followed by comparing the porosity 
visible on the machined surface with 
arbitrary standards numbered from 
one to twelve. 


The flange sections were also 
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CYLINDER HEADS IN ORDER OF INCREASING VOIDS 


Fig. 2—Correlation of percentage of voids in 88 aircraft air-cooled cylinder head casting 
with percentage of voids in the flanges, with radiographic porosity ratings of the flange: 
and with visual porosity ratings of machined surfaces of the flanges. 
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radiographed, as is done by othe 
manufacturers, and the percentage 
of voids determined separately for 
each. It will be noted from Fig. 2 
that there is a general correlation 
between the percentage of voids in 
the cylinder heads, as a whole, and 
the percentage of voids in the 
flanges, the visual ratings of porosity 
on machined surfaces and the radio- 
graphic ratings, in that the trend 
curves for all four examinations are 
roughly parallel. However, the cor- 
relation between individual speci- 
mens in the four types of rating 
is not impressive. 

To further examine the distribu- 
tion of voids in these 88 castings, a 
number were sawed into sections, as 
indicated in Fig. 3. Figure 4 illus- 
trates diagrammatically the varia- 
tion in percentage of voids in the 
separate sections of six of the cast- 
ings. The voids in all of the sec- 
tioned castings followed the same 
general distribution. The uniform 
pattern of distribution of the voids 
in each head testifies to the absence 
of substantial amounts of segre- 
gated voids. 

The separate sections of the 19 
sectioned heads were radiographed 
to further search for segregated 
voids. The only localized unsound- 
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ness found was shrinkage in some of 
the web sections of the intake rocker 
boxes. This type of shrinkage is 
illustrated in the print from the 
radiograph, Fig. 5. This was the 
most extensive area of localized un- 
soundness found in the web sections 
radiographed. 

The percentage of voids in the 
entire casting, No. 16, was 0.95 per 
cent, and the percentage of voids 
in the intake rocker box section was 
1.1 per cent. A per cent void deter- 
mination in the section of the intake 
rocker box containing the shrinkage 
showed that the shrinkage accounted 
for only 0.10 per cent voids in the 
rocker box and 0.01 per cent voids 
in the whole head. 

It must be concluded, therefore, 
that the principal significance of the 
variation in voids in this lot of 
cylinder head castings is that it re- 
flects the variation in general pin- 
hole porosity. It is known that the 
principal factor in the formation of 
general pinhole porosity in alu- 
minum alloy castings is the concen- 
tration of gas in the melt. 

To further determine the varia- 
tion in percentage of voids in com- 
mercial light alloy castings, a num- 
ber of castings were taken at random 
from production and the percentage 
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Fig. 3—Aircraft air-cooled cylinder head casting sawed into five sections for 
determination of the distribution of voids. 


389 





PER Clmt vows 











| | j i j 1 





wrout FLANGE =GARREL WAKE txmayst 0Omt 


me a0 


Fig. 4—Sketch showing percentage of voids 
in various sections of six aircraft air-cooled 
cylinder head castings. 


of voids determined. The results are 
given in Table 1. 


castings and semi-permanent mold 


Aluminum sand 


castings appear to have about the 
same average percentage of voids. 
The aluminum permanent mold 
castings are definitely lower in voids 
than the sand castings, in agreement 
with general experience. The die 
castings contain substantially more 
total voids on the average than the 
other types of castings. Unfed 
shrinkage voids and entrapped air 
are probably responsible for this 
effect, which is more marked with 
magnesium than with aluminum. 
The magnesium base alloy cast- 
ings are interesting in that the sand 
castings have the lowest average per- 
centage of voids, being considerably 
lower than the average percentage 
of voids of any of the types of alu- 
minum The magnesium 
alloy permanent mold castings con- 


castings. 


tain generally somewhat more voids 
than the sand but, here 
again, the magnesium alloy castings 
are lower in percentage of voids 
than the aluminum alloy castings. 


castings 


However, the magnesium die cast- 
ings contain more voids than any 
of the aluminum castings. It has 
been long observed that magnesium 
castings usually contain no general 
porosity arising from the precipita- 
tion of gas during solidification, and 
that any voids present are caused 
by localized shrinkage. The data in 
Table 1 support this view. 

It has been observed that the 
amount of general porosity visible 
on the machined surface of alu- 
minum alloy castings varies in- 
versely with the rate of solidification 








Fig. 6—Three sections from an aluminum alloy sand casting. 
(Left) 34-in. section, 0.68 per cent voids. 
(Right) 3-in. section, 2.52 per cent voids. 


machined to fully reveal porosity. 
1/,-in. section, 1.32 per cent voids. 


of the sections. Thus, heavy sections 
in a casting usually show more pin- 
hole porosity than thin sections in 
the same casting, and permanent 
mold castings generally show much 
less pinhole porosity than sand cast- 
ings. 

This is illustrated by Fig. 6, which 
shows the appearance of the ma- 
chined surface of a % in. thick, a 
1% in. thick, and a 3 in. thick sec- 
tion from the same sand casting. It 
will be noted that the percentage 
of voids varies in the same way as 
the amount of visible pinhole poros- 
ity. High rates of solidification 
appear to inhibit the precipitation of 
gas during solidification of alu- 
minum alloys. 

It is suggested that similar effects 
obtain in copper base alloy castings 
where, as demonstrated by Rowe,’ 


Surfaces are specially 


(Center) 


5 per cent of voids may be present 
in bronze sand cast gear wheels, 
while similar castings more rapidly 
cooled, as when made in permanent 
molds or by the centrifugal process, 
will contain not more than about 
1 per cent of voids. 


Effect of Variation in Density on 
Mechanical Properties 

In one experiment, standard ten- 
sile test specimens and fatigue test 
specimens were cast from the same 
lot of 355 alloy, three portions of 
the melt having been treated in such 
manners as to give rise to a differ- 
ent concentration of gas in each. All 
specimens were heat treated to 
approximately the commercial T6 
condition. 

The results of the tensile tests and 
the void determinations on the 
fatigue specimens are given in Table 





2. The results of the fatigue tests 
are shown in Fig. 7. The fairly wide 
variation in percentage of voids 
brought about no significant varia- 
tion in mechanical properties. 

In the foregoing series of fatigue 
tests, the test sections of the speci- 
mens were not machined. In an- 
other series of fatigue tests, the re- 
sults of which are given, in Fig. 8, 
the test sections were machined al! 
over, and here, in some ranges of 
stress, the specimens with the higher 
volume of voids gave somewhat 
lower fatigue properties. 

However, even in this series of 
tests the difference in fatigue 
strength between high and low 
porosity specimens is not much 
greater than the general scatter in 
any one series. 

In a series of full scale fatigue 
tests on cast cylinder heads per- 
formed under conditions of tem- 
perature and stress distribution ap- 
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CYCLES (LOGARITHMIC ScaLe) 


Fig. 7—Resuits of direct stress fatigue tests of sand cast specimens 
of 355-Té alloy. Test section, '/4 in. x 7'/p in. with as-cast surface 
Minimuir. stress = zero. 


CYCLES (LOGARITHMIC SCALE) 


Fig. 8—Results of direct stress fatigue tests of sand cast specimens 
of 355-T6 alloy. Test section, '/4 in. x 5'/2 in. with machined surface. 


Minimum stress — zero. 
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Table 1 
PERCENTAGE OF Vorps In CommerciAL Licht ALLoy CasTINGs 

Base of No. of Weight —Voids, per cent 

Alloy Type of Casting Castings Range, lb. Max Min. Ave. 
Aluminum Sand 37 0.7-82 3.00 1.11 1.82 
Aluminum Permanent Mold 27 0.7- 2 1.84 0.34 1.15 
Aluminum Semi-perm. mold 7 3.0-67 2.52 1.40 1.89 
Aluminum Die 20 0.26-0.54 5.70 0.64 3.12 
Aluminum Continuous Ingot 5 16 to 24in.sq. 0.64 0.32 0.49 
Magnesium Sand 15 1.0-49 0.54 0.00 0.28 
Magnesium Permanent Mold 12 0.7-39 1.16 0.27 0.49 
Magnesium Die 10 0.9-2.6 17.40 3.79 5.97 


pvoximating that occurring in the 
operation of radial aircraft engines, 
variations in voids of from 0.71 per 
cent to 2.60 per cent were found to 
have no significant effect on fatigue 
life. 

It is perhaps not too surprising 
that this should be so. An effect 
greater than about 3 per cent re- 
duction in mechanical properties is 
not to be expected unless some notch 
or stress concentrating feature ac- 
companies the reduction in section 
corresponding to the volume of 
voids. In the application of most 
castings, it is doubtful whether nor- 
mal variations in dimensions, design, 
assembly and other structural fea- 
tures are reproducible within 3 per 
cent. 


Summary and Conclusions 
The volume of voids in light alloy 








castings can be practically deter- 
mined to within 0.2 per cent by den- 
sity measurements, providing proper 
precautions are taken in the deter- 
mination of the void-free density 
from the standpoint of segregation, 
and the relative microstructural con- 
ditions of the casting and the void- 
free density specimen. 

A practical method of determin- 
ing the void-free density is to cast 
a small standard specimen from the 
same melt under such conditions 
that its concentration of voids will 
be very low. Subsequent working 
of this specimen, usually at elevated 
temperatures, will provide a void- 
free standard with which the density 
of the casting can be compared. 

Variations in density of aluminum 
alloy sand, permanent mold, and 
ingot castings are caused principally 


MECHANICAL PRopERTIES OF ¥2 IN. DiAMeTeR SAND Cast Test Bars oF 
355-T6 Attoy Cast rrom MELTs oF Various Gas CONCENTRATIONS 


Voids 
in Fatigue Yield 
Gas Specimens, Strength, 
Concentration per cent pst. 
Low 0.80 29,450 
Medium 1.65 28,740 
High 2.40 29,850 








Brinell 
Tensile Elongation Hardness, 
Strength, in2in., 500-kg. load, 
psi. percent 10-mm. ball 
36,350 2.0 90 
36,670 2.3 89 
35,800 1.7 88 
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by variations in general gas or “pin- 
hole” porosity. Usually the shrink- 
age zones do not constitute a suffi- 
ciently large volume to markedly 
affect density determinations. The 
voids in commercial sand castings 
normally vary from 1 to 3 per cent, 
and in permanent mold castings 
from 0.3 to 2 per cent. 

In magnesium alloy castings, the 
relatively smaller total concentra- 
tions of voids, as indicated by den- 
sity measurements, is due to the 
absence of gas porosity. Such varia- 
tions in density as occur are gen- 
erally the result of local shrinkage. 

The relatively large concentra- 
tions of total voids in die castings, 
both aluminum and magnesium 
base, are undoubtedly due to the 
trapped air which is a concomitant 
of the process. 

The effect of gas porosity on the 
mechanical properties of castings is 
probably generally not greater than 
the corresponding reduction in sec- 
tion. In aluminum alloy sand and 
permanent mold castings, the effect 
of this reduction in section is usually 
overshadowed by larger variations 
in other factors affecting the effec- 
tive strength of the section. 

Although density determination 
has been demonstrated to be a useful 
tool in the investigation of light 
alloy melting and casting technique, 
it appears to be of doubtful poten- 
tial utility as a means of general 
inspection because there has not yet 
been established any correlation be- 
tween density variations and engi- 
neering or service characteristics. 
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Cleanliness and Safety 
in the Foundry 


By James Thomson, Chief Works Engineer, 
Continental Foundry & Machine Co., East Chicago, Ind. 


N THE face of a serious man- 
power shortage, the need for 
continued study and improve- 
ment of foundry practice becomes a 
matter of utmost consequence. In 
production at 


order to maintain 


efficiency, operations which 


responsible for flawed or 


high 
may be 
faulty castings must be weeded out 
and carefully scrutinized for means 
of improving them. 

In realization of these facts, a 
survey was made of this foundry to 
reveal those operations which could 
be considered of questionable effi- 
ciency, and where improvement 
would have a beneficial effect on 
production, either by reducing or 
eliminating rejected castings, or by 
better utilization of manpower 


Back Where They Started 

One which 
immediate attention was the prac- 
tice of cleaning sand molds by com- 
pressed air. Although this method 
of mold cleaning has been common 
practice in foundries, it did not re- 
quire much observation to recognize 


operation attracted 


its shortcomings. 

Instead of cleaning the mold, the 
compressed air stream would scatter 
the dust particles in all directions. 
The lighter and finer dust particles 
were picked up by air currents and 








Fig. 1—Suction cleaning of large molds. 


carried throughout the plant. The 
heavier dust particles rapidly settled, 
only too frequently settling back 
onto the “cleaned” mold from which 
they had been blown off, or onto 
adjacent molds which had previous- 
ly been blown clean. 

Large open molds, particularly 
those having deep and intricate pat- 
terns, presented a special problem, 
because disturbed dust would settle 
into the deeper cavities of the mold 
without being readily noticeable. As 
the operation of blowing molds clean 
would continue from mold to mold, 
dust would continue to accumulate 
in the already cleaned molds, pene- 
trating into the deepest portions. 


Fig. 2—(left) Smaller mold being cleaned 
by suction hose. 


Fig. 3—(right) Vacuum removal of steel shot 
from casting cavities after shot cleaning. 








* Foundry cleanliness—its im 
portance in promoting safet 
and in effecting foundry operat 
ing economies—prompts th 
presentation of this article 
originally published in "Safet) 
Engineering,” Sept., 1944, issue 





It was apparent that castings 





fine appearance, and smooth, u: 
form surfaces could not be assured 
if metal were poured into m« 
thus “cleaned.” A more positis 
and effective method of cleani 
molds was required, and to acco! 
plish this a heavy duty pneumat 
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cleaning system was installed in the 
No. 3 foundry. 

This system, which is a stationary 
type of unit, consists principally of 
a multi-stage centrifugal vacuum 
producer driven by a 50-hp. motor 
connected to it by a flexible coup- 
ling, a 48-in. diameter combination 
dust separator of the inverted filter 
bag type, and three 18-in. diameter 
primary shot separators. All of the 
separators have cone hopper bottoms 
fitted with hinged dust disposal 
valves 


Vacuum Cleaning a Foundry 

The piping system consists prin- 
cipally of three vacuum mains. The 
longest is 775 ft. in length and ex- 
tends through the foundry building. 
[The remaining mains are 500 ft. 
and 150 ft. in length. All three 
mains run well overhead and out of 
the way. Drops extend down at 
strategic points to provide vacuum 
cleaning connections for the work- 
ing area of the building. 

These drops are spaced so as to 
permit the area to be adequately 
reached using convenient lengths of 


hose. As much as 75 ft. of 1'%4-in. 
hose is used. Each drop is termi- 
nated with a vacuum hose inlet 


valve which closes automatically 
when the hose is withdrawn. As 
many as ten operators may use this 
simultaneously at different 
areas in the foundry. 

With this system, molds are now 
cleaned by suction. Slender lance- 
type nozzles, available in lengths up 
to 6 ft., are used to penetrate deep 
into the mold design, reaching all 
surfaces and removing all dust and 
loose material. Gulper nozzles are 
used for cleaning molds which have 
large flat surfaces. For smaller 
molds, the open end of the hose is 
used effectively witho it a 


Figs. 1 and 2). 
Cleaning Molds 


Dust and foreign matter are 
drawn rapidly into the vacuum 
nozzle, conveyed through the hose 
and piping system to the dust sepa- 
rator where the dust is filtered out 
of the air and the cleaned air then 
passes through the vacuum pro- 
ducer and is exhausted into the at- 
mosphere. 


system 


nozzle 


Many advantages have been ob- 
tained by using vacuum for doing 
this work. The most important gain, 
of course, has been the more thor- 












Fig. 4—Another example of steel shot removal from large casting 


In ad- 
marked 


ough cleaning of the molds. 
dition, there has been a 
improvement in the condition of the 
plant atmosphere, which no longer 
is periodically recharged with dust. 
This cleaner atmosphere not only 
better visibility for the 
operator, but enables him to work 
under more healthful conditions 


provides 


Removing Shot 

Another interesting and time-sav- 
ing operation now being done by 
vacuum is that of 
shot from pockets in castings after 
the castings have been shot cleaned. 
Removing shot from cavities in cast- 
ings has always been a slow and 
time-consuming task, particularly if 
the shot were lodged in hard-to- 
Using 
vacuum, all pockets are thoroughly 
and rapidly cleaned of shot accumu- 
lations (Figs. 3 and 4). 

Not only has this application 
proved a valuable time-saving de- 
vice, but it has resulted in the re- 
covery of thousands of pounds of 
shot which otherwise might have 
been lost. 

Special intercepting separators are 
provided for each of three shot blast- 
ing rooms. All shot collected in the 
area around the shot blasting rooms 
is intercepted and retained in the 
separator serving that shot blasting 
room. 

The intercepting separators are 
designed to allow fine dust and other 
material to pass through them and 


removing steel 


reach pockets and corners. 





All dust and 


other dirt passes through the inter- 


to retain only the shot 


cepting separator and is conveyed 
to the 48-in. combination separator 
Other material picked up by the 
system, as in mold cleaning, also is 
conveyed to the 48-in. combination 
which filters the air before it passes 
through the vacuum producer into 
the atmosphere. 

The same system also is used for 
general cleaning in the plant, for 
removing overhead dust accumula- 
tions, for cleaning in and around 
equipment, and for removing all 


sorts of dust accumulations from 
floors. Special nozzles are provided 


Many 


other useful applications have been 


for these varied operations. 


encountered as the system is used 

The installation of this system was 
the result of satisfactory experience 
with a smaller 20-hp. system which 
was installed a number of years back 
in the No. | foundry for somewhat 
similar operations, but, of course, on 
a smaller scale. 

Not only have these heavy duty 
vacuum cleaning systems increased 
the efficiency of many operations, 
but they have also improved work- 
ing conditions and brought about 
appreciable economies by recovering 
valuable materials. 
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GRAY IRON 


Wear Resistance 


* High wear resistance properties of gray iron are secured under 
conditions of evenly distributed graphite flakes with a fully pearlitic 
metal matrix. Hardening by alloy additions or heat treatments fur- 
ther increases wear properties, allowing a wide range for considera- 
tion of gray iron as an engineering material. 


N outstanding characteristic of 
gray iron is its wear and 
galling resistance in metal 

rubbing applications such as cylin- 
ders, piston rings, machine tool ways, 
bearings, etc. This property is gen- 
erally recognized as resulting from 
the lubrication offered by the widely 
distributed graphite in gray iron. 

Figure | illustrates different graph- 
ite structures in gray iron. Figure 1A 
illustrates a random and even dis- 
tribution of graphite. Figure 1B 
shows small graphite flakes in a 
regular pattern with more or less 
uneven distribution. Figure 1A iron 
yields superior wear performance, 
and Fig. 1B inferior wear. 

In machined gray iron surfaces, 
graphite particles and metal matrix 
are exposed to the mating metals. 
The photomicrographs of etched 
gray irons in Fig. 2 illustrate the 
condition of such surfaces in dif- 
ferent irons. Obviously, since the 
metal and graphite are in contact 
at the bearing surface, it is expected 
that the condition of the metal 
matrix would have some influence 
on the wear and galling quality of 
the iron. 

The factors, therefore, which in- 
fluence the degree of wear and 
galling resistance of gray iron are 
explained as follows: 

1. The greater amount of graph- 
ite with optimum size and distribu- 
tion, the better wear and galling 
resistance offered. Very fine graph- 


This paper was secured as part of the 
1945 “Year-’Round Foundry Congress” 
and is sponsored by the Gray Iron Divi- 
sion of A.F.A. 


ite particles and uneven distribution 


offer essentially reduced graphite ° 


bearing to the mating surface. For 
example, the iron shown in Fig. 1B 
would offer less bearing properties 
than Fig. 1A iron. 

2. The condition of the metal 
matrix affects wear properties. For 
optimum wear resistance, the metal 
matrix should be pearlitic, as shown 
in Fig. 2A, with random, well- 
distributed graphite. Structures con- 


By F. G. Sefing, 
Research Metallurgist, 
International Nickel Co.., 


New York 


taining soft ferrite (similar to low 
carbon steel) are inferior to those 
free of this constituent (see Figs. 2B 
and 2C). 

Furthermore, when these ferrite 
particles are small and surrounded 
by graphite (Fig. 2B) the wear and 
galling properties are exceedingly 
poor. The presence of free carbides 
(Fig. 2D) reduces wear life. These 
carbide areas are hard and abrasive 
to the metal against which they rub. 





Fig. |—Graphite in gray iron. (A) Graphite flakes randomly and evenly distributed, 


"“A.F.A. Type A." (B) Small flakes following a 


pattern and showing some uneven 


distribution, “A.F.A. Types D and E." Unetched, 100 X. 











SEFING 


* 


Fig. 2—Structure of metal matrix in gray iron. (A) Metal fully pearlitic. (B) Corre- 

sponding to Fig. 1B, ferrite (white) with small graphite particles. (C) Soft gray iron 

with large areas of ferrite lying next to graphite. (D) Hard gray iron with excess 
of hard cementite (white). Etched, 500 X. 
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3. Combining paragraphs | and 
2. therefore, that gray iron offers 
the best wear and gall resistance 
which has random, evenly dis- 
tributed graphite with no free fer- 
rite or cementite in the metal mat- 
rix (Figs. 1A and 2A 

+. Increasing hardness improves 
wear resistance of particular irons. 
For example, a good gray iron, de- 
scribed in paragraph 3, can be im- 
proved in wear resistance by raising 
the hardness either by alloy additions 
or by hardening heat treatments. 
Examples of alloy hardened gray 
irons are forming dies, machine 
tools, etc. Examples of heat treated 
gray iron are hardened cylinder 
liners, flame-hardened rolls, etc. 

5. Limits of applications of hard- 
ened wear resistant gray irons should 
be regarded in the light of the ap- 
plication considered. In metal to 
metal wear applications, such as 
pistons, rings and cylinders, the hard- 
ened cylinder would impose all of 
the wear on the rings and pistons, 
presumably of a lower hardness. 
This may be desirable since the 
rings and pistons are more easily 
renewed. 

In hardening gray iron forming 
dies, rolls, etc., a high order of wear 
resistance is desirable, while at the 
same time providing the good rub- 
bing characteristics of gray iron 
against the metal being formed by 
these parts. 

Gray iron has outstanding wear 
and galling resistance because of the 
interspersed graphite. The optimum 
of wear properties of gray iron can 
be achieved by having random, 
evenly distributed graphite with the 
metal matrix fully pearlitic. Still 
greater wear resistance of gray iron 
can be secured by increasing the 
hardness by alloy additions or by 
hardening heat treatments. 

















Combustion Method for 





SULPHUR DETERMINATION 


in White Cast Tron 


James Hedberg, Research Chemist, and H. A. Schwartz, Manager of Research, 
National Malleable and Steel Castings Co., Cleveland 


ESULTS of sulphur deter- 
minations made by the stand- 
ard rapid method most com- 


monly used today have long been 
recognized as unreliable. However, 
the evolution-titration method has 
continued in vogue because it is 
rapid and requires no special equip- 
ment. Low and_ non-reproducible 
results often encountered with alloy 
and white irons can be obviated to 
some extent by annealing the sam- 
ple, but this more than doubles the 
time for a determination and does 
nothing to minimize errors inherent 
in the analytical procedure. 

Combustion methods, which have 
become increasingly popular because 
of speed and accuracy, were ex- 
amined with the idea of developing 
a procedure suitable for works con- 
trol in malleable iron plants. An 
accurate result, obtained by the 
method described, is available in a 
total time of 12 min. 


Methods Investigated 

In the program for determining 
sulphur, in white cast iron, by com- 
bustion, several methods were in- 
vestigated. Two iodate methods 
having been discarded, a method 
suggested by G. M. Guiler of this 
laboratory was tried. Based upon 
information obtained in an abstract* 
in The Engineers Digest, p. 187, 
Feb., 1944, the procedure involved 
the use of ‘a silver nitrate solution 
as an absorbent. 

In this method the sulphur diox- 
ide gas formed, when the sample is 
ignited at a high temperature in an 
oxygen atmosphere, is absorbed in a 
neutral silver nitrate solution. With 


*Originally from a paper of The Iron 
and Steel Institute, London, November, 
1943, by the Blast Furnace Analysis 
Sub-Committee of the Blast-Furnace 
Committee. 


*® Malleable iron foundries .. . 
combustion method for sulphur 
determination adapted to works 
control ... accurate results ob- 
tained in 12 minutes. 


water, sulphur dioxide forms sul- 
phurous acid which reacts with silver 
nitrate to form an equivalent amount 
of nitric acid. This is illustrated by 
the following equation: 
H.SO; + 2AgNO; — Ag:SO; + 2HNO; 
Titrating the liberated nitric acid 
with a standard sodium hydroxide 
solution gives an index of the sul- 
phur content of the sample. 


Equipment Required 

The apparatus required is very 
simple but the method may perhaps 
be adapted to more elaborate equip- 
ment on the market. An ordinary 
cylindrical combustion tube in a fur- 
nace capable of maintaining a tem- 
perature of 2350° F. may be used. 
Because the temperature must be 
maintained accurately, a platinum 
thermocouple, touching or near the 
outer surface of the combustion tube, 
and a deflection type indicator, are 
suggested. 

Glass tubes passing through rub- 
ber stoppers, which are protected by 
nickel shields, serve as inlet and out- 
let to the combustion tube. A tube 
with a constricted end might be 
preferable. 

The horizontal passage from the 
combustion tube, containing a stop- 
cock, is bent vertically downward to 
enter the absorbing vessel, a 75-ml. 
tall bottle. Immersed to a depth of 
about 4 cm. in the absorbing solu- 
tion, the end of the vertical tube is 
fashioned to break the gas stream 
into fine bubbles. It has been found 
that most accurate results are ob- 
tained when the passage from com- 
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bustion tube to the bubbler ; 
of the shortest length. 

Oxygen for combustion is purified 
by bubbling through concentrated 
sulphuric acid. Rate of flow must 
be capable of accurate control and 
measurement in the range of on 


liter per min. 


Reagents Used 

Standard Sodium Hydroxide Solu- 
tion: To 20 ml. of water add 0.500 
grams of C.P. sodium hydroxide and 
0.03 grams of methyl red. Dissolv: 
and make up to one liter. This solu- 
tion should be standardized against 
a standard acid which has been pre- 
pared and standardized in accord- 
ance with well-known methods. 

Silver Nitrate Solution: Dissolve 
2.0 grams silver nitrate in water and 
make up to one liter. 

Procedure: Weigh a 0.500-gram 
sample of white cast iron, finely 
crushed, and place in a refractory 
boat. Cover with a shield and pla: 
in the hottest part of the combus- 
tion tube, which should be between 
2300° F. and 2400°F. Close th 
tube and, after allowing a one-min 
warm-up period, turn on the oxygen 
at a rate of one liter per min., a\ 
the same time opening the stopcock 
to the absorbing vessel. 

Five min. after the oxygen 
turned on, slow the stream of oxygen 
somewhat, and titrate to neutrality 
with the standard sodium hydroxid: 
solution. 

If the standard solution contain: 
0.500 grams of sodium hydroxid 
per liter, the number of milliliters 
of this solution multiplied by 0 
gives the percentage of sulphur 
the sample. 

Standard deviation in 34 determ: 
nations was 0.0018 per cent sulphu! 





Sponsored by the Committee on 
Chemical Analysis of A.F.A. 








J. HepBerc anv H. A. ScHwartz 


If the oxygen is passed through the 
tube for 10 min. instead of 5 min., 
the results are sometimes 0.002 per 
cent higher. 


Routine Precautions 


When a new combustion tube or 
new bubbler is introduced into the 
apparatus, a check should be made, 
by running a standard cast iron 
sample. If correct results are not 
obtained on the first sample, the 
second sample usually gives the cor- 
rect result and indicates that the 
apparatus is ready for the deter- 
mination in hand. 

A very common and important 
cause of erratic results is increasing 
the rate of oxygen flow appreciably 
beyond the one liter per min. This 
will give low results due to alkalies 
from the combustion of the cast iron 
being blown over into the absorb- 
ing solution and reacting with the 
HNO, in the solution. 


Low results will also be obtained 
if the apparatus is blown out with 
oxygen previous to a determination 
at a rate appreciably higher than 
one liter per min., possibly due to 
alkalies from the combustion tube 
from previous determinations being 
blown over and accumulating in the 
lower part of the bubbler. 

Effect of an oxygen flow slower 
than one liter per min. has not been 
investigated thoroughly, although it 
has been noted that low results are 





Table 1 
DETERMINATION OF SULPHUR IN 
Wuite [Ron 
——Sulphur, per cent os 


0.142 0.138 


0.146 0.140 
0.146 0.144 0.142 0.143 
0.144 0.142 0.141 0.141 
0.144 0.144 0.141 0.144 
0.142 0.142 0.140 0.143 
0.141 0.143 0.142 0.144 
0.143 ee 0.142 0.141 
0.140 0.140 0.141 0.140 
0.143 0.140 0.140 

* * * 


Average of 34 determinations, 0.1420 
per cent sulphur. 

Standard deviation, 0.0018 per cent 
sulphur. 


*Ignited Boats 
**Determination discarded due to bad bubbler 





obtained if the flow is cut roughly 
in half. 

Any dampness in the part of the 
bubbler or its connections above the 
part which enters the absorbing 
solution naturally will cause low re- 
sults due to absorption of SO, before 
it gets to the absorbing solution. 

New boats should be ignited under 
operating conditions before they are 
used; used boats should be treated 
similarly if they have been allowed 
to stand more than 8 hr. Although 
they can be used four or five times, 
it is better not to use a boat more 
than three times. 


Combustion tubes have been used 
for about 300 determinations, with- 
out cleaning and without 


noting 


any change in results. 


Typical Results 


A test run using the silver nitrate 
method on a standard sample of 
white iron is shown in Table lI. 
Tabulated are the results of succes- 
sive determinations made during a 
Thus 34 
successful determinations, plus one 


period of 7 hr. total time. 


which was discarded, were made at 
an average rate of one analysis 
every 12 min. 
Advantages. The 
point of this method is easy to see, 
and is not affected by carbonates. 
Although averaging slightly under 
those obtained by gravimetric meth- 
ods, the results are based on the- 
oretical chemical equations, and re- 


titration end 


quire no empirical correction factors 
or standardization against standard 
samples. The method gives correct 
results on National Bureau of Stand- 
ards samples and the accuracy of the 
method described is confirmed by 
using the barium sulphate method 


Requiring no attention until titra- 
tion, after the oxygen is turned on, 
time is saved by weighing the sample 
for the next determination. The re- 
sults of titration of the absorbing 
solution depend upon the acidity of 
the solution rather than the oxida- 
tion of sulphurous acid to sulphuric 
acid, thereby eliminating any error 
due to sulphur trioxide coming over 
with the sulphur dioxide. 














MALLEABLE SAND CONTROL 


in a Large 
Mechanized Foundry 


By Joseph J. Clark, Assistant Metallurgist, 
Saginaw Malleable Iron Division, General Motors Corp., 
Saginaw, Mich. 





; SE of synthetic sand has be- 
| | come widespread with the 

advent of the high produc- 
tion foundry. The economic aspects 
and the control features have made 
it virtually a necessity in this type 
of shop. 

Certain foundries employ two 
synthetic sands, one for facing and 
one for backing purposes. The back- 
ing sand is ordinarily supplied by 
suitable conveyor to hoppers over 
the molding stations, while the small 
quantities of facing are supplied by 
wheelbarrow to a box at the station, 
or by separate conveyor and hoppers. 

While the requirements of some 
castings are such that two sands are 
needed, it is obviously highly advan- 
tageous, from a production and cost 
standpoint, to use a single, or 100 
per cent facing sand. When using 
one all-purpose sand, it is equally 
obvious that more extensive condi- 
tioning equipment and more rigid 
control of both the molding sand 
and cores are required. As to raw 
materials involved, it is necessary 
that dependable sources be estab- 
lished for obtaining uniform raw 
sand, clay, seacoal, flour, core oil. 

It is the purpose of this paper 
to describe the raw materials, equip- 
ment and controls employed in the 
synthetic, all-facing sand systems of 
a modern, high production malleable 
iron foundry, producing medium 
finish automotive and gun part cast- 
ings, the weights ranging from a few 
ounces to 65 lb. 


Raw Material Storage 
Figure 1 shows the layout of the 
raw material storage building, con- 
taining bins for. raw and prepared 
sand, clay and coal. A _ 5-ton 


traveling crane spans the building 





and railway siding to permit transfer 
of these materials by clam bucket. 
One portion of the storage building, 
directly below the small storage 
hoppers, is devoted to core sand 
mixing and seacoal preparation. 

Attached to the main storage 
building is a sheet metal structure 
which houses the two sand driers 
and provides storage space for 
bagged materials such as flour, red 
iron oxide, clay, etc., used in core 
mixtures. Next to the drier building 
are the core oil storage tanks from 
which core oil is pumped to the core 
sand mixing room as it is used. All 
coal, clay, flour and core oil are pur- 
chased in carload lots. 

The sand used in cores, and 
which ultimately becomes foundry 
molding sand, is a bank sand ob- 
tained from pits within a- few miles 
of the foundry. It is hauled to the 
plant daily by truck and dumped 
into a concrete pit in one end of the 
sand storage building. From here it 
is transferred either to the wet sand 
storage bin or directly to the wet 
sand hoppers which feed the sand 
driers. The major portion of the 
sand stored for use is dried sand. 





Sand Drying. Raw sand from t 
pits varies in moisture content fro 
3 to 9 per cent. It is the purpx 
of the sand driers to reduce tl 
moisture to a very low and consta: 
level (0.2 per cent approximate] 
so that moisture control of core sar 
mixtures can be maintained. 

Each of the two parallel-counte: 
flow type driers is capable of dryin; 
and cooling 8 tons of sand per hou: 
This figure is based on 7 per cent 
moisture in the incoming sand. A 
diagram of one of the driers is 
shown in Fig. 2. Due to the design, 
the driers are very efficient. A fire- 
box located at the front end of the 
drier supplies heat to the air which 
is blown through and around it into 
the heating tube, as indicated by the 
arrows. 

The firebox is fired with natural 
gas and is automatically maintained 
at 1400° F. Wet sand is fed into the 
rotating drum between the outer 
shell and the heating tube. Blades 
attached to the inside surface of the 
outer drum, alternately raise and 
drop the sand as it works toward the 
midsection of the drum, thus expos- 
ing it to the heated stream of air. 

The path of the air stream is such 
that the temperature of moisture 
laden gases leaving the stack in the 
heating section is less than 212° F. 
At the midpoint of the drier, the 
moisture in the sand has been re- 
duced to about 1.5 per cent. The 
sand enters the cooling section of 
the drier through special inclined 
feed scoops, which also act as a 
baffie between the heating and cool- 
ing sections. 

As the sand enters the cooling 
section, it falls on a fixed thermo- 
couple. The temperature of the 
sand at this point is used to control 
the final exit temperature of the 
sand and subsequent moisture con- 
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tent. This is accomplished by a 
pyrometer-controlled damper on the 
fan supplying air to the heating 
section of the drier. 

Decreasing sand temperature auto- 
matically increases the amount of 
hot air blown through the heating 
section, and vice versa. A constant 
volume of air is blown through the 
inner cooling tube by a separate 
fan. The velocity of the cooling air 
is such that considerable “pan” 
material or fines are removed from 
the sand and are carried out the ex- 
haust into a dust collector. 

The sand is discharged from the 
cooler at temperatures between 95° 
and 110° F. into an elevator, which 
in turn drops it onto a 20-mesh 
vibrating screen inclined at a 33° 
angle. Extraneous materials, coarse 
sand, roots, etc., pass over the screen 


hopper. The dried sand passing 
through the screens is carried by con- 
veyor belt to the dry sand storage 
bins. 

Seacoal Preparation. Seacoal for 
use in the sand units is prepared by 
crushing coal purchased exclusively 
for this purpose. The seacoa! 
crusher is one of the latest types, 
employing the ball bearing grinding 
principle with spring loading of the 
grinding elements. It operates at 
relatively low speeds. The unit will 
supply 3000 Ib. of seacoal per hour. 

Core Sand Preparation. The core 
sand mixing and handling equip- 
ment is shown diagrammatically in 
Fig. 3. The mixers are of the 
kneading type, having Sigma-shaped 
blades. Standard batches mixed in 
them are made up for either 1800 
Ib. or 1050 Ib. of sand. 
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and all wet ingredients are measured 
by volume. Dried sand from any one 
of several overhead hoppers may be 
discharged into a weigh lorry by 
means of electric vibrating feeders. 
The feeder is automatically stopped 
by an electric eye device on the 
scale when the batch weight of 
sand is in the lorry. The lorry may 
then be moved along the overhead 
rail and the sand discharged through 
a butterfly valve into any one of 
the mixers. 

Corn flour, which has _ been 
weighed, is added to the mixer as 
the dry sand is flowing into it. Any 
other dry ingredients such as red 
oxide, clay, etc., also are added to 
this time. These are dry mixed for 
one min., followed by addition of 
the water and core oil in that order. 

The batch is wet mixed for 7 min., 
making a total mixing time of 8 min. 
A time clock is used to notify the 
operator when mixing time is up. 
The prepared sand is then dis- 
charged onto a conveyor belt below 
floor level, and from here it is 
elevated and discharged into one of 
a cluster of hoppers conveniently 
arranged in the core room. 


Core Mixture Control 

Since there are a number of differ- 
ent core mixtures in use at all times, 
it is important that each type goes 
into the proper hopper. This has 
been cared for by means of an elec- 
trically controlled receiving chute 
(Fig. 1) above the cluster of storage 
hoppers which are arranged in a 
circle in the core room. By means 
of push buttons and signal lights, the 
operator in the mixing room may 
revolve the chute about its axis to 
a position, over the proper hopper 
and then proceed to dump the mixer. 

Foundry Molding Sand Handling 
and Conditioning Units. Four in- 
dividual sand units are used, each 
one equipped to completely handle 
and condition its own sand. Every 
unit must furnish a continuous sup- 
ply of sand to the various molding 
stations of the production lines com- 
posing the system. There are no 
batch type operations in any of the 
systems. 

The number of molding stations 
supplied by a sand unit varies from 
10 to 34, depending upon the type 
and size of molds made on the lines. 
Since different standards of mois- 
ture, permeability, etc., are main- 
tained on each system, the placement 
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of patterns in the most suitable unit 
is possible. Figure 4 shows a 
schematic diagram of one of the 
units. 

Prepared sand is plowed off the 
overhead, or “flight” belt conveyor 
into the individual sand hoppers 
located above each molding ma- 
chine. The quantity of sand sent 
out on the belt and the adjustment 
of the various plows is gauged by 
an operator who patrols this section 
of the sand system. 

An improvement in discharge of 
sand from. the molder’s hopper to 
the flask has been made by install- 
ing an electric vibrating feeder on 
each hopper, instead of the usual 
manually operated jaws. Much 
better control of the amount of sand 
for each flash is obtained, thus re- 
ducing the spillage of prepared sand. 
Labor expended in operating the 
jaws is eliminated. 


Automatic Equipment 


An automatic jolt-squeeze equip- 
ment is provided for each molding 
machine. The operator’s controls 
consist of a “jolt” push button, a 
“squeeze” push button, and a “stop” 
button. The jolt button engages a 
timer which gives the mold a pre- 
determined number of jolts, whereas 
the squeeze button actuates controls 
governing the intensity and duration 
of the squeeze and, in addition, it 
controls the slow draw of the pattern 
from the mold. 

Any excess or “spill” sand from 
the mold falls through the floor grat- 
ing which surrounds each molding 
machine and drops onto a spill-sand 
conveyor belt in the pit below. Ex- 
cess sand from the end of the over- 
head flight conveyor also drops onto 
this belt through a tail chute. Spill 
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Fig. 3—Views of core sand weighing and mixing equipment. 


sand collected in this manner is re- 
turned to the spill sand storage bin 
after passing over a magnetic pulley 
and through a vibrating screen. 

Completed molds are placed on a 
conveyor which carries them past 
the pouring conveyor, where they 
are poured off. The poured molds 
continue through a cooling hood and 
finally reach a vibrating shakeout 
screen, where the castings are shaken 
out of the molds. The shakeouts are 
of rugged construction and the mo- 
tion is sufficiently violent to remove 
all but a very small amount of sand 
from the castings. 


Handling Shakeout Sand 

Shakeout sand ‘passing through 
the shakeout screen falls into an 
electric vibrating conveyor in the 
pit, and is fed into a_ horizontal 
cylindrical cooling drum. As the 
cooling drum rotates, the sand is 
picked up by a series of blades 
attached to the inner wall. Air is 
drawn through the drum, cooling 
and drying the sand as it falls from 
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Fig. 2—Diagram of combination paraliel and counterflow sand dryer and cooler, 


the blades. The velocity of the ; 
is such that a considerable amount 
of fines is removed from the sand 

From the cooling drum, the shake- 
out sand passes over a magneti 
pulley, is screened to remove cor 
butts, lumps, etc., and falls into th: 
shakeout sand storage bin. 

Floor hoppers with controlled 
feeders are provided so that, if di 
sired, sand may be added uniform) 
to either the shakeout sand or thi 
spill sand. 

The shakeout sand storage bi: 
the spill sand storage bin, and th 
seacoal bin are located in a row for 
convenience in feeding the continu 
cus muller. The shakeout and spi 
sand bins are equipped with. electri 
vibrating feeders, while the seacoa! 
bin has a variable speed 
feeder. Controlled amounts of eac! 
of these materials are fed onto 
cross-belt which spills into the en- 
trance of the muller, where clay and 
water in slurry form are added. 

The slurry is prepared in a special 
tank overhead, and feeds down by 
gravity through a pipe to the muller 
A simple plug type hand valve is 
used to regulate the rate of flow of 
the slurry to the muller. In the 
preparation of the slurry, clay and 
water are fed into a tank where tw: 
propeller type agitators rapidly 
establish and maintain the suspen 
sion of the clay in the water. 

The size and shape of the tank 
and the positioning of the agitators 
are of prime importance in making 
an effective slurry. In order to main- 
tain the slurry level in the tank. a 
float switch is used to stop or start 
the flow of water and clay simultane- 
ously. In the case of the water, the 
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Fig. 4—Schematic diagram of foundry molding sand handling and conditioning unit. 


float switch on-off 
solenoid valve in the water line; in 
the case of the clay, it stops or starts 
the variable speed screw feeder, 
located at the base of the clay bin. 

A pressure regulator controls the 
water-line pressure so that a uniform 
rate of discharge of water into the 
slurry tank is maintained during the 
time the solenoid valve is on. The 
rate of clay feed may be adjusted 
by changing the speed of the screw 
feeder. 

The mixture of spill sand, shake- 
out sand, seacoal, and slurry enters 
the muller from the crossbelt and 
is mulled as it progresses to the 
opposite end, where it is discharged 
through an opening in the base. 
Figure 5 shows plans and sectional 
sketches of the muller which is 
equipped with Sigma-shaped blades 
attached in segment form to two 
horizontal shafts. 

The shafts rotate in opposite direc- 
tions and at different speeds, the 
blades working the sand inward 
against the “saddle.” In order to 
mull effectively, the proper clearance 
between the blades and muller faces 
must be maintained. This is made 
possible by the use of renewable 
white iron shoes bolted to the blades. 
A 125-horsepower motor drives the 
muller. 


The mulled sand drops onto a 


operates an 





conveyor belt from which it may be 
plowed off into either of two 150-ton 
tempering bins. These bins are of 
sufficient size to permit sand to 
temper for at least one-half hour. 
For control purposes, sand is fed 
from one bin for 30 min., then from 
the other. Each bin is equipped at 
the bottom with an electric vibrating 
feeder which shakes a_ regulated 
amount of sand onto the cross belt 
below it. 

As the sand leaves the tempering 
bin, it receives a final conditioning 
in a revivifier, where the action of 
a revolving “squirrel cage” aerates 
the sand as it passes through. From 
here it travels to the flight conveyor 
to service the molding stations. 
Approximately 175 tons of sand per 
hour are “turned over” on this unit. 
Total sand carried in the unit is 
about 250 tons. 

Raw Material Control — Bank 
Sand. The raw sand is a sub-angu- 
lar bank hand of approximately 70 
A.F.A. grain size. It is important 
that no major deviations develop in 
the grain distribution. Consequently, 
a routine check of the grain distribu- 
tion curve of incoming sand is made 
once per day by analysis of a com- 
posite sample taken at the belt feed- 
ing raw sand to the sand driers. 

In making an analysis of the sand 
by means of distribution curves, 
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extra sieves, other than standard, 
often furnish more detailed informa 
tion. They are used regularly. Fig 
ure 6 shows bank sand curves plotted 
with standard sieves, and with the 
additional sieves 

The control of the exit tempera 
ture (95 to 110° F.) of the sand 
from the driers is of utmost impor 
tance. Hot sand is to be avoided for 
two good reasons 


1. Loss of 
core sand mixtures due to evapora 


moisture control of 
tion 
2 Hot 
causes sand to stick in core boxes 
Sand under 95 F. at the drier 


sand in core mixtures 


discharge is also to be avoided be- 
cause it will be too wet 

In addition to drying the sand, 
two other controls of bank sand in- 
corporated in the driers and aux 
iliary equipment are: 

1. Removal of fines in the cooler 
section of the driers. 

2 Removal of very coarse sand 
and extraneous material on_ the 
vibrating screens. 

Screen analysis of the tailings 
is used as a check on the efficiency 
of the screening operation 

From time to time new pits must 
be opened. At such time, the sand 
supervisor goes to the pit to observe 
the general conditions and sampling 
himself that 


samples to be tested are representa 


procedure to assure 
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Fig. 5—Plan and sectional sketches of con- 
tinuous sand muller. 
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tive of the average sand to be taken 
from the pit. 

Clay. The clay used is an un- 
pulverized (30 mesh) rebonding type 
clay of high refractoriness and good 
durability. A check on the latter 
quality is always available through 
accurate records of the tons of metal 
poured versus clay consumption on 
the sand units. Incoming cars of 
clay are checked for green and dry 
bond according to A.F.A. standard 
procedure. 

Seacoal. Coal for manufacturing 
seacoal is of a West Virginia vari- 
ety, purchased under the classifiea- 
tion of 1%-in. nut, pea, and slack. 
Cars are sampled as received, and 
laboratory tests are made for ash, 
volatile combustible matter, and 
fixed carbon. A minimum of 30 per 
cent volatile combustible matter, 
and a maximum of 6 per cent ash 
are specified. 

The seacoal is crushed to a fine- 
ness such that 99 per cent will pass 
through 100-mesh and 85 per cent 
through 200-mesh screens. Periodic 
screen analyses are made to insure 
that the foregoing specification is 
maintained because experience on 
the sand systems has shown that 
many detrimental effects result from 
the use of too coarse a_ seacoal. 
These may be enumerated as: 

1. Blows become much more 
prevalent in castings, particularly 
the smaller ones. 

2. Casting finish is poorer. 

3. Greater quantities of seacoal 
are required because of ineffective- 
ness of it. 

4. The molding sand accumu- 
lates more coke and ash, which re- 
duces tensile strength of the sand, 
ultimately resulting in molding dif- 
ficulties. 

Core Oil. Each car of core oil is 
subjected to test by both the chemi- 
cal and sand laboratories. 

Specific gravity, saponification 
number, and viscosity are reported 
on each car by the chemical labora- 
tory. 

Two sets of tests are conducted 
by the sand laboratory. One of 
these consists of baked tensile and 
permeability tests made on speci- 
mens taken from a laboratory mix- 
ture, using standard sand, and baked 
in the laboratory oven. The other is 
identical, except that the baking is 
done in production ovens. 

A particular core oil may show 


excellent properties in a core baked 
in the laboratory oven for 1% hr. 
at 420° F.; however, it is often the 
case that, due to the inherent charac- 
teristics of the oil, the same core 
may show much poorer when it is 
subjected to the baking cycles used 
on the production ovens. The latter 
test often classes an oil as unsuitable 
for use in the core room without 
making major changes in coreroom 
practice. 

Flour. New batches of flour are 
checked for green compression 
strength, using an emperical mixture 
with standard sand. Since a major 
portion of the cores are blown, the 
characteristics of the flour which 
effect its “blowability” for intricate 
core sections are under as close ob- 
servation as are other properties. To 
aid in the selection of flours with 
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suitable blowing properties, and as 


a routine check on incoming ship 
ments, the weight per cu. ft. is de 
termined according to an arbitrary 
standard. 

This check is made by sifting th 
flour through an ordinary sifte: 


placed on a fixed funnel which sets 


on a quart measure. The funne 


diameter is almost as large as the 


quart measure. When the quart 


measure is filled to overflowing, the 


excess is scraped off with a straight 
edge. The weight of the quart of 
flour is obtained in grams and con- 
verted to Ib. per cu. ft. 

It has been the experience that 
the lighter flours (10 to 13 lb. per 
cu. ft.) “blow” much better than 
the heavier flours (14 to 20 lb. per 
cu. ft.). On this basis a maximum 
of 13 lb. per cu. ft. has been set up 
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Fig. 6—Bank sand distribution curves plotted with standard and additional sieves. 
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as an arbitrary figure for the density 
of flour. 

The variations in flour from ship- 
ment to shipment can cause no end 
of trouble in the coreroom if pre- 
cautions are not taken in segregat- 
ing the shipments. Moreover, if 
flour stands for long periods of time, 
the green bond developed by it is 
lower. A system has therefore been 
established wherein the oldest flour 
is used first; incoming batches are 
piled in rotation. Flour adjustments 
in the core mixtures may then be 
made as needed and consistent re- 
sults obtained. 

Core Sand Control. In a synthetic 
sand system, sand additions to the 
system should come entirely from 
the cores. Consequently, the core 
practice with respect to ingredients 
and properties is of utmost impor- 
tance in shops using synthetic sand. 


Two-Sand System 

Shops using a two-sand system in 
the foundry, i.e., backing sand and 
facing sand, can and do solve many 
of their core problems by using any 
one of several sands in the cores to 
obtain desired properties. This is 
permissible on the basis of the fact 
that the sand from the core even- 
tually goes into backing sand and, 
as such, has little effect on casting 
finish. 

Where a single, or 100 per cent, 
facing sand is used in the foundry, 
however, limitations are automati- 
cally imposed on the core sand 
selection due to the effects on the 
molding sand and ultimate effect on 
the castings. Therefore, large quan- 
tities of miscellaneous sands having 
widely different grain fineness and 
distribution cannot be used in the 
coreroom in this shop. More than 99 
per cent of all the cores are made 
from the local bank sand. 

The primary consideration in de- 
veloping a core sand mixture is that 
of making a core which will result 
in the production of consistently 
good castings in the foundry. How- 
ever, any core which fails to col- 
lapse properly and disintegrate at 
the mold shakeout represents a loss 
of good sand to the system. If there 
are many cores of such nature being 
used, the sand normally lost through 
adherence to the castings is not en- 
tirely replaced with core sand and 
the volume of molding sand in the 
unit is reduced. 

In order to maintain the volume 


of sand required to operate the unit 
successfully, it then becomes neces- 
sary to feed new raw sand into the 
system, increasing labor and mate- 
rials cost and upsetting control of 
the molding sand. Core mixtures 
are consequently developed not only 
to produce good castings, but also 
to produce desirable and economical 
conditions on the molding sand 
systems. 


Standard Mixtures Developed 

A number of standard core sand 
mixtures have been developed to 
take care of the major core produc- 
tion requirements. For these mix- 
tures, standards have been set up 
for moisture, green compressive 
strength, and baked tensile strength. 
On each shift, samples of sand from 
each type of batch made are tested 
for these three properties. 

The baked tensile tests are made 
on briquettes baked in the standard 
laboratory oven. As a check on pro- 
duction baking, briquettes are fre- 
quently put through the production 
ovens. Minor adjustments of the 
various ingredients to maintain the 
accepted standards are made by the 
sand control laboratory on the basis 
of the routine tests. 

No matter how well core mixtures 
are made and controlled, the poten- 
tial benefits are washed away if the 
sand handling practice, coremaking 
and baking equipment are improp- 
erly controlled. 

Many core troubles in the foundry 
which are ascribed to the properties 
of a core mixture can often be 
traced to soft blowing or ramming, 
faulty venting, incomplete baking, 
overbaking, etc. 


Molding Sand Control 

General Control Aspects of the 
Molding Sand Equipment—Auto- 
matic Jolt-Squeeze Molding Ma- 
chines. When automatic jolt-squeeze 
equipments are used, much of the 
“human element” can be eliminated 
in making a mold because the num- 
ber of jolts and extent of the squeeze 
can be standardized to suit the job, 
and are thus taken out of the opera- 
tor’s hands. With such equipment, 
and very close control of molding 
sand properties, high mold produc- 
tion with a minimum of scrap can 
be attained. 

On the other hand, unless care 
is exercised in making and main- 
taining a good “set-up” as far as 
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machine, flasks, squeeze heads, etc., 
are concerned, it is possible to make 
a lot of scrap in a short time, even 
though good sand is supplied 
can also be made by an operator 
who fails to observe the simple rules 
of the job, such as completely filling 
the flask with sand and striking it 
off before squeezing. 

Shakeout Sand Cooling Drum 
The shakeout sand cooling drum, 
through its functions of cooling and 
drying the shakeout sand, permits 
much better control of the molding 
When the 
molding sand can be kept down, its 
moisture content can be more closely 


Scrap 


sand. temperature of 


regulated because evaporation is 
minimized. Hot molding sand tends 
to stick to the patterns due to the 
formation of condensate. This tend- 


ency is eliminated with cool sand. 


Sand Drying 
The drying of the shakeout sand 
in the cooling drum has an indirect, 
but marked, 
finish because it permits more effi- 


influence on casting 


cient screening of this sand than 
would be possible with wetter sand 
The drier the sand, the smaller the 
screen openings that can be used 
without fear of “blinding” them, 
and the greater the proportion of 
core butts and lumps that can be 
screened out. 

The removal of “fines” which are 
picked up by the air stream in the 
cooler is very desirable from the 
standpoint of maintaining permea- 
bility and reducing seacoal ash, dead 
clay, etc., in the system. 

By reducing the moisture of the 
shakeout sand, more water can be 
added when re-mulling the sand 
This is an advantage when clay is 
being added in slurry form because 
it permits a thinner, easier flowing 
slurry to be used. 

Separate Shakeout Sand and Spill 
Sand Bins and Screens. As previ 
ously mentioned, dry sand can be 
screened more effectively than wet 
sand. Shakeout sand is relatively 
dry as compared to spill sand. It 
also contains core butts, lumps, etc., 
in large quantities, whereas spill 
sand is relatively free of them. If 
these two sands were dumped in to- 
gether, effective screening would be 
impossible. With the separate screens 
and bins, a fine screen can be used 
for shakeout sand and a coarse 
screen for spill sand to maintain a 
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molding sand of facing quality. 


Reconditioning Methods 

For reconditioning shakeout sand, 
clay, seacoal, and a large quantity 
of water are required. For re- 
conditioning spill sand, only a small 
amount of water is required. It is 
obvious that if these two sands were 
allowed to mix in varying propor- 
. tions as they returned from the mold- 
ing line (that is, collected in one 
bin) the problem of adjustment of 
clay, water, and seacoal to obtain 
uniform sand from the muller would 
be extremely difficult. By providing 
separate bins, the feeding of each 
type of sand to the muller may be 
closely controlled and _ additions 
made in accordance. 

Clay Slurry Equipment. The pri- 
mary purpose of mulling a sand is 
to coat the sand grains with a film 
of clay. When clay is added in 
slurry form the sand grains are 
quickly and thoroughly coated with 
clay since the water acts as a Carry- 
ing agent. Therefore, a minimum 
of mulling is required to develop 
bond. This feature is of exceptional 
value where large volumes of sand 
are being conditioned continuously 
and mulling time is limited. 

When using clay slurry for re- 
bonding, less clay is used in the 
system because ineffective clay and 
clay balls are kept to a minimum. 
Aside from the savings in material 
and labor, the reduction in amount 
of clay used has favorable effects 
on the sand properties: 

1. Permits use of lower moisture 
standard for temper at desired green 
bond. 

2. Increases permeability. 

3. Increases flowability—an im- 
portant factor in jolt-squeeze mold- 
ing. 

The rapid response of the sand 
to ¢lay additions in slurry form 
enables a more positive control of 
green and dry bond to be exercised. 
This feature is in sharp contrast to 
the slow action of clay added in the 


form of a dry rebonding mix (sand 


and clay) where mulling is the prin- 
cipal means of making the clay effec- 
tive. “Overshooting” or “under- 
shooting” bonding additions is much 
more prevalent when dry rebond is 
used. 


Type Muller. Al- 


Continuous 


though it is possible to “match mull” 
sand for a continuous molding unit, 


where very large quantities are to 
be handled several such mullers and 
considerable labor are required. The 
continuous type muller has been 
found to fit into this foundry’s sys- 
tems much better, involving rela- 
tively little space and minimum 
labor. Mulling action can be roughly 
checked by means of the load am- 
meter on the drive motor. Other 
factors remaining constant, the ex- 
tent of mulling (work) is propor- 
tional to the load ammeter reading. 


Mixing Control 

From a control standpoint, it is 
vitally important that the muller 
shoes be renewed and properly set 
at regular intervals, otherwise the 
system builds up ineffective clay 
while the green bond is actually 
falling. As previously mentioned, this 
action is particularly acute if dry 
rebond mixture is used to add clay 
to the systems. 

Tempering Bins. Instead of stor- 
ing large quantities of shakeout sand 
ahead of the muller, as is common 
practice, in these systems the sand 
is stored in two large tempering bins 
after mulling. By feeding alter- 
nately from the bins a degree of 
moisture equalization and tempering 
is obtained. With ample storage ca- 
pacity, “turnover” of the sand is 
slow and molding sand temperatures 
can be kept down. 

Revivifier. The-sand discharged 
from a tempering bin is usually 
packed and chunky. The revivifier 
serves to aerate it thoroughly before 
it goes out to the molders. This 
treatment materially improves an 
important property of molding sand 
—flowability. 

Routine Control of Molding Sand 
—Routine Tests. Standards for mois- 
ture, permeability, and green com- 
pressive strength to be maintained 
on each unit differ considerably due 
to the type of castings being made 
on the lines. Moisture standards 
range from 4.0 to 4.8 per cent, per- 
meability from 40 to 60, and green 
compressive strength from 8 to 10 
psi. Hourly tests for these three 
properties are made on sand samples 
from each of the four systems. 

A dry compressive strength test 
and a green tensile strength test are 
made each shift. 

System sand distribution curves 
are plotted and percentage of clay 
and seacoa] are determined once a 
month. 
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Moisture Control 

Water addition to the sand for 
desired moisture is made by means 
of the clay slurry. An indexed hand 
valve in the slurry line to the muller 
is used to regulate the flow of slurry. 

Factors affecting moisture con- 
trol are: 

1. Sand “turnover.” This term 
means total sand, both shakeout and 
spill, being mulled per hour. This 
is affected by the amount of shake- 
out sand and amount of spill sand 
returning. Increased tonnage re- 
quires more water. 

2. Relative amounts of shakeout 
and spill sand being mulled. The 
relative amounts of these sands be- 
ing mulled will alter water require- 
ments as one sand is higher in mois- 
ture than the other. 

3. Temperature of sand. The hot- 
ter the sand becomes, the more rap- 
idly evaporation takes place and the 
more water is needed. 

Temperature of the sand is in 
fluenced by the volume cf sand 
carried in the system, bridging of 
the bins, rate of molding, and tem- 
perature inside the foundry. 

4. Types of jobs being poured on 
the lines. The amount of water t 
be added is also influenced by the 
size and shape of the castings with 
respect to flask size, and by the rela- 
tive amount of cores involved. 


Bond Control 


Clay addition to the sand is mad 
in the form of slurry. To increas: 
or decrease the clay addition, the 
speed of the screw feeder on the 
clay bin is adjusted to deliver more 
or less clay to the slurry preparation 
tank. The rate at which water is 
added to the tank is held constant, 
so the slurry consequently is increased 
or decreased in concentration. 


Bond control of a system is a! 
fected by: (1) Sand “turnover.” (2 
Relative amounts of shakeout and 
spill sand being mulled. (3) Types 
of jobs being poured on the line: 
Large additions of new sand to the 
system via cores require proportion- 
ately large clay additions for bond- 
ing and vice versa. (4) Condition 
of muller blades. Ineffective mu''- 
ing will cause the bond of the sand 
to fall even though the proper per- 
centage of clay is maintained in the 
system. 

Permeability Control. The prt 
meability of the sand can best be 
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controlled by close control of the 
many factors affecting it, 
whi h are: 


1. Grain size and distribution of 


among 


the sand. As previously mentioned, 
this is governed primarily by choice 
of core sand. 

2. Amount of moisture, clay, and 
seacoal in the sand. Increasing per- 
centages of any of these in the sand 
cause decreased permeability. 

3. Percentage of 
fines. Aside from the clay and sea- 
coal, other fines such as dead clay, 
seacoal ash and coke, and dust from 
broken-down sand Will lower the 
permeability of the molding sand. 

+. Temperature of sand. Increas- 
temperature lowers the 


miscellaneous 


ing sand 


permeability of the sand. 


Control—Seacoal 


Seacoal additions are controlled 
by regulating the speed of the screw 
feeder on the seacoal bin. 

Seacoal is used in the sand to re- 
duce “burn-on” and improve cast- 
ing finish. Aside from its low cost, 
it has few virtues and several dis- 
advantages, among which are: 

1. Reduces permeability of sand 
due to large amount needed (5 to 


10 per cent) 

2. Leaves ash and coke in the 
sand. 

3. Difficult to control properly. 

A satisfactory method of testing 
for effective seacoal content quickly 
and accurately has not been devised. 
For this reason, in routine control 
reliance is placed on a combination 
of experience, knowledge of jobs 
running in the unit, and visual in- 
spection of castings as they come 
from the shakeout, as guides in regu- 
lating seacoal content. 

Poor regulation of seacoal has 
serious effects not only upon the 
castings, but upon the volume of 
sand in the system and hence upon 
control of other additions. When 
excessive quantities of seacoal are 
used, misruns, blows, and cold shuts 
prevail in the castings. When in- 
sufficient seacoal is used, the sand 
burns onto the castings, resulting in 
increased cleaning costs and un- 
satisfactory finish. 

Under the latter condition, the 
sand volume is lowered rapidly in 
the system due to increased amounts 
of sand adhering to the castings. 
Sand must be added to the unit at 


extra cost to offset this loss 


Sand Records 


tities of 


When large quan 
molding sand are being 
conditioned daily, as they are in this 
plant, accurate records of all mate- 
rials and tests form an invaluable 
part of sand control. Such records, 
when correlated with tonnage of iron 
poured, percentage of scrap, et 
can give a clearer picture of sand 
performance and actually can be 
used as a guide to control 

In addition to offering a useful 
check on performance of raw mate 
rials, sand system records often as- 
sist in detecting unfavorable core or 
molding sand practices that other- 
wise escape the sand supervisor 


Conclusion 

Much of thjs paper has been de 
voted to a description of equipment 
and tests designed to enable good 
molding sand and cores to be fur- 
nished to the foundry. Whether or 
not this goal is reached always de- 
pends upon the proper maintenance 
and operation of the equipment, and 
upon the close attention of foundry 
supervisors to the details of good 
practice which collectively constitute 
what is known as “control.” 
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START OF INSPECTION, as is 
well known, was due to the fact that 
supervisors in charge of the progres- 
sion of work had little time for 
quality. As a result, help was needed 
for inspection of the work to insure 
proper quality. The addition of 
inspection greatly relieved the super- 
visor in charge of production, en- 
abling him to study ways and means 
of increasing production throughout 
the department. 

Inspection work in its infancy was 
taken with a feeling of resentment 
and was considered a “necessary 
evil.” An inspector’s job in the early 
days was no bed of roses; he was 
between two fires at all times, 
namely, the antagonistic attitude of 
the worker who believed he’ was 
being hindered in his work, and re- 
sentment by supervisors who felt that 
the inspector, in trying to produce a 
quality casting, was responsible for 
hindering production. Thus, when 
the sequence of operations did not 
function freely, the inspector some- 
times was blamed for this delay in 
production. 

As the years went on, the super- 
visor was convinced that inspection 
was here to stay. He realized that 
it was necessary to have inspection, 
not only to insure the proper quality 
of production, but also to aid in the 
sequence of operations. As a result 
of inspection, top management’s 
attention was drawn to the fact that 
complaints of the customers were 
reduced greatly due to the improved 





This paper was secured as part of the 
1945 “Year-Round Foundry Congress” 
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Inspection of Castings of A.F.A. 


® Adoption of many new technical tools has brought about 
remarkable advances in foundry practices and improve- 
ments in products. From cooperation with designing engi- 


neers to judging the quality and serviceability 


of the 


finished casting, well-organized inspection units have helped 
the foundryman to make better castings at lower cost. 


quality of castings shipped, and 
naturally this improved quality in- 
creased sales. Thus inspection was 
set up in industry as routine function 
of production and not, as previously 
considered, a “necessary evil.” 

As inspection progressed, it was 
found that inspection solely on the 
finished product was not sufficient 
and it was essential that inspection 
extend into actual production. This 
type of inspection was termed proc- 
ess inspection. Today we are plac- 
ing more and more emphasis upon 
inspection of core and molding pro- 
cedures. This inspection insures use 
of proper sand and’ proper solidify- 


placing of vents. It also insures 


proper fit of cores in the mold, and - 


thus helps to insure proper dimen- 
sions of finished castings. 


Customer Trained Inspectors 

The customer early came to 
realize that he needed some way to 
insure the quality he desired, so he 
began training inspectors of his own 
and sending them into the producers’ 
plants to make certain he was get- 
ting the quality he desired. 

It is always best to accept outside 
inspection openly, remembering that 
if the local plant inspection forces 
are properly trained and the product 
is up to customer’s standards, addi- 
tional inspection from an outsider 
ing methods, correct ramming and 
helps to increase confidence in the 
product. 

In the past, the author believes, 
outside inspection was looked upon 
with a certain amount of resentment 
by some of the producers. However, 
present-day management welcomes 


inspection from the customers. It 
helps to keep the plant organization 
alive, and on their toes, but, regard- 
less of outside inspection, all prod- 
ucts shipped should be up to 
standard quality. 

Inspection in industry at this time 
is well organized or should be, work- 
ing closely with the designing engi- 
neer’s department as to welding 
limits, defects, tolerances, and cus- 
tomer’s requirements or specifica- 
tions. This cooperation is necessary 
since it helps the production depart- 
ment in a number of ways, such as 
changing intricate designs that 
cause trouble in the production of 
quality castings. 

The inspection department also 
should keep production departments 
advised at all times, and as soon as 
possible, as to points of inherent 
defects, so that prompt corrective 
measures may be taken to insure a 
low defect rate. The pattern depart- 
ment should be notified as to faulty 
dimensions in order to correct these 
errors at once. 

A review of the product in proc- 
ess, to eliminate defective castings 
as soon in the sequence of operations 
as possible, is essential to prevent 
high production costs. Repairing of 
minor defects should be controlled 
by well-trained shop inspectors, bu‘ 
all defects of major size need th: 
judgment of a supervisor with train 
ing of both practical and technica! 
nature. 

First, he should understand th 
direct use of the castings in question , 
second, to know high stress poin's 
and intermediate stress points, alon< 
with a well balanced practical know'- 
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edge, which will help to produce 
quality castings. 

A sequence of shop inspection 
may be as follows: Checking or lay- 
ing out castings to blue prints before 
full production is started. If no 
changes are to be made to pattern 
or core box equipment, first run of 
several castings should be made and 
all gages, which have been designed 
for casting after being carefully 
checked to drawing, should be ap- 
plied to casting to determine whether 
casting will meet customer’s require- 
ments. 

Inspection of regular run castings 
should then begin, after castings are 
received from the foundry in the as- 
cast state, checking the castings for 
defects and various outside and in- 
side dimensions as to maximum and 
minimum tolerances. Many head- 
aches may be avoided at this point 
if inspection and production depart- 
ment heads cooperate properly. In- 
spection then should continue 
through the finishing operations; 
gages and templates which were used 
on first run castings should be ap- 
plied and properly fitted. 

The finish of the castings also 
should be considered. Additional 
inspection then should be given cast- 
ings by final inspectors, and all 
points of castings should be re- 
checked for defects. The work of 
inspection should be done so thor- 
oughly that, whether or not custom- 
er’s inspection is required, a quality 
casting is shipped at all times. How- 
ever, if customer’s inspection is not 
required, an additional company 
inspection should be made by the 
inspection department supervisor or 
his appointed representative for a 
final check before shipping. 

It is the author’s opinion that a 
well organized inspection unit should 
be formed, consisting of three parts. 
First, a well organized process in- 
spection department should function 
in the coreroom and foundry, work- 
ing in accord with the heads of both 
departments, with full power to sug- 
gest and help correct all faulty 
conditions existing in these depart- 
ments pertaining to quality castings. 

Second, a technical unit for x-ray 
and magnetic particle inspection of 
all samples and experimental cast- 
ings to insure sound castings. Inter- 
nal defects can be pointed out to the 
foundry and corrected at once. 

Third, a practical unit consisting 
of well trained sample checkers and 





inspectors adapted to all inspection 
problems. These men should be 
capable of passing judgment as to 
what is a good quality and service- 
able casting, in compliance with the 
plant and customer standards. 

It also is necessary to plan all pro- 
duction. A committee should be 
formed of the supervisors of all 
departments controlling production. 
This committee should review and 
plan all production before even a 
sample is produced. It is advisable 
to review future or proposed orders 
on production, making sure that the 
designs of castings reviewed will fit 
into the plant’s production system 
and equipment. 


Production Begins 
After a sample is made and 
reports from the technical and prac- 
tical units are received, the planning 
committee should review these re- 
ports and make the necessary cor- 


Inspection layout for checking di- 
mensional accuracy of castings. 
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rections if needed. The job then 
should be put into production for a 
trial run, making several castings 
which are to be checked in the same 
manner as the sample. If these are 
proven correct, full production can 
be released without the danger of 
any great loss, extra work, or cost for 
the cleaning room. 

Inspection at the source having 
been discussed, some consideration 
should be given to inspection at the 
receiving point, meaning the cus- 
tomer. 

As previously brought out, cost is 
increased when efficient inspection is 
lacking at the source of production; 
therefore, it is imperative to main- 
tain a highly trained inspection per- 
sonnel. This same principle applies 
to the customer’s inspection. Cast 
steel is greatly used due to its adapt- 
ability to intricate designs and 
strength required. Of course, slight 
imperfections may occur, so, unless 
the customer’s inspection personnel 
has the proper training and techni- 
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cal knowledge to pass upon minor 
defects and those of a more serious 
nature, considerable cost is involved, 
both to the customer and the pro- 
ducer. 

In cases where intricate designs 
would cause trouble from a produc- 
tion standpoint, the customer should 
be contacted and advised why and 
where a few changes in design can 
be made without impairing the 
service or strength of the casting; or 
changing any machining operations 
should the casting be of such nature. 
These suggestions usually are agree- 
able to the customer and permission 
generally is granted to proceed with 
production. 


Inspection Is Technical 

As we all know, present inspection 
consists not only of surface inspec- 
tion, gaging, checking of dimensions, 
etc., as in the past, but is rapidly 
becoming more and more of a tech- 
nical nature. The use of magnetic 
particle testing, x-ray and various 
other specialized tests shows a de- 
cided change in inspection methods 
over the past few years and in pros- 
pect for the immediate future. 

In the past decade or two, inspec- 
tion procedures have expanded 
greatly to include many new phases 
that are the result of developments 
in technical researches. The foundry 
industry was at first a trifle slow in 
adopting and applying some of the 
developments, but of late years the 
industry as a whole has thrown off 
this backward attitude and the 
advances and improvements in proc- 
esses and products have been phe- 
nomenal. 

What has brought about this 
change in our industry? It is 
largely the result of widespread 
adoption and use of many new tech- 
nical tools. For the most part, these 
new tools had been previously devel- 
oped to a fairly high level of per- 
fection, yet these tools usually were 
considered as laboratory playthings 
and not as production tools, refer- 
ring to such things as x-ray, mag- 
netic particle testing, and others. 


Inspection Methods Familiar 

Most foundrymen were somewhat 
familiar with these inspection meth- 
ods, that is, they had heard or read 
of their uses, but very few of them 
had any actual experience in their 
use and many had never seen them 
was obvious that the foundry indus- 





try, must step out and do things that 
normally it would not have thought 
in operation. Early in the war it 
possible. The demands of the armed 
services made it imperative that the 
industry accept these new labora- 
tory tools and use them as means 
for development and improvements 
toward high quality castings. 

Let us consider some of these new 
tools in more detail and see what 
their effect has been upon inspection 
procedures and upon quality of 
inspection. When we think of cast- 
ing quality from the standpoint of 
soundness and freedom from internal 
defects, probably the most helpful 
tool for this purpose has been the 
use of radiography either by x-ray 
or radium. 

Previously, the only way to deter- 
mine the soundness of a casting was 
to destroy it—by cutting the casting 
into pieces to see what was inside it. 
This process was necessarily slow 
and costly and somewhat of a hit-or- 
miss proposition, for often the saw 
cut would not reveal the defect. 


X-ray and Radium 

X-ray and radium have been 
available to the foundry industry in 
a more or less limited way as an 
inspection tool since early in the 
1920’s. At first we were somewhat 
skeptical of its use in routine inspec- 
tion processes; and today, after sev- 
eral years’ experience, we still are 
not convinced that inspection of 
castings by x-ray is desirable or even 
justified, except in certain extreme 
cases. For instance, in aircraft con- 
struction, a casting failure might be 
the cause of a disaster, then 100 per 
cent radiographic inspection would 
be justified. 

Radiography certainly has its place 
in the foundry industry, and it is 
the author’s opinion that it is rapidly 
finding this place. Some proponents 
recommend that radiography should 
be used as a routine inspection pro- 
cedure for inspection of castings, but 
from experience the author believes 
that radiography should be used pri- 
marily as a tool for development of 
production practices, and that pro- 
ducers of castings who have used 
radiography concur in this opinion. 
The indiscriminate use of x-ray or 
radium is costly and is wasteful of 
time, materials and personnel. 

As we have come to consider radi- 
ography, its use should be largely 
limited to the inspection of sample 
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castings to determine the interna! 
defects not visible on the surface, 
and this information used to correct 
the production practice so as to elim- 
inate the defects found. 


This procedure should be repeated 
until a sound casting is obtained. 
Periodic checks then should be made 
when the casting is put into produc- 
tion. The frequency of this check- 
ing and the thoroughness of its cov- 
erage can be gradually reduced as 
preduction proceeds and no trouble 
is experienced. 

There may be certain extreme 
cases where the casting may be de- 
signed for such critical service that 
complete radiography of every cast- 
ing produced would be justified 
These cases are, in the author's 
opinion, very rare, and it goes with- 
out saying that in such cases the 
cost of the radiographic inspection 
must be passed along to the cus- 
tomer. 

X-ray, of course, has its limita- 
tions. The thickness of the metal 
sections to be x-rayed are, of course, 
limited by the equipment available. 
The lower voltage machines around 
220 kilovolts are limited to about 3 
in. of steel; the larger machine, such 
as the 1000 kilovolt, can penetrate 
up to 7 in., while the 2000-kilovolt 
machine recently developed can 
penetrate up to 10 in. of steel. 


Radiography 

Radiography by gamma ray is not 
limited so sharply, its limitations 
being largely determined by the 
amount of radium and the time 
available. Another limitation of 
radiography is the size of defect 
found. It is generally conceded that 
the smallest defect that can be de- 
tected by x-ray or gamma ray is 2 
per cent of the metal section. How- 
ever, under ideal conditions, slightly 
better results can be obtained. 

Another method of non-destruc- 
tive casting inspection which has 
been widely accepted is magnetic 
particle testing. This method of 
testing has received much criticism 
and very stiff opposition in some 
quarters. Much of this criticism has, 
in the author’s opinion, been de- 
served, for it is felt that much more 
has been expected of this test than 
it is capable of telling us. However, 
we do not mean to imply by this 
that magnetic particle testing does 
not have its proper place in modern 
inspection procedures. 
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Magnetic particle testing is lim. 
ited to defects in the surface or 
defects relatively close to the surface 
of the casting. It is 
sensitive to very small surface or 


extremely 


subsurface cracks, and it is this char- 
acteristic that has been responsible 
for much of the criticism. 


In the hands of 
operators and in improper applica- 


inexperienced 


tion, the patterns shown by magnetic 
particle testing may be made to look 
much worse than they really are. 
Those who have had experience with 
this tool will agree that it requires 
a well-trained and skilled operator 
to properly interpret the results. 
Many castings are made today 
where magnetic particle testing is a 
valuable adjunct to the ordinary 
inspection methods. These are cast- 
ings which are subject to high 
fatigue stresses. In castings designed 
for such service, it is imperative that 
the surface be free of all minute 
cracks or other imperfections which 
may be a focal point for stresses, 
thus causing early fatigue failure. 


Much of the unpopularity of this 
type of inspection has been in its 
application to inspection of castings 
wherein the perfection demanded 
has not been justified by the end 
use of the casting inspected. 

On the whole, it is felt that mag- 
netic particle testing provides a valu- 
able tool for better inspection of 
castings; it has a definite place in 
the modern and progressive foundry, 
for it helps to fill the gap between 
visual inspection and radiographic 
inspection. 

The needs of war brought about 
many other changes in the foundry 
industry. Prominent among these is 
the widespread use of specially heat- 
treated alloy castings. This com- 
paratively new foundry technique, to 
which many were introduced only 
since the beginning of the war pe- 
riod, involves several new testing 
and inspection techniques, among 
which is hardness testing. 


Hardness testing of metals is, of 
course, not new. We used to think 
of hardness testing as applied only 
to small laboratory samples, but 
this new program of hardening 
large castings by liquid quenching 
made it necessary that we have some 
method of checking these heat- 
treating processes to make sure that 











the castings, as shipped, meet the 
specifications for hardness. For the 
most part, these hardness tests are 
made with a _ so-called portable 
Brinell tester. 

This apparatus consists of a small 
fixture for holding a_ standard 
Brinell ball in contact with both the 
casting and a small bar of known 
hardness. The fixture is struck a 
sharp blow with a hammer, which 
produces simultaneously an impres- 
sion in the bar and in the casting. 
The diameters of both of these im- 
pressions are measured. Knowing the 
hardness of the standard bar, the 
hardness of the casting can be cal- 
culated from the ratio of the impres- 
sions as measured. 

This method of hardness measure- 
ment is, of course, subject to many 
errors, and under normal conditions 
is none too reliable for exacting 
work, yet it has been a definite help 
in obtaining castings of good quality 
and castings that meet customers’ 
requirements. 


Laboratory Tests 


Often we do not think of our 
routine laboratory tests as being 
inspection procedures, but in reality 
they are a phase of inspection since 
they are made solely to insure the 
highest quality obtainable and to 
make certain that the product meets 
the customer’s »pecifications. 

The use ot the metallurgical 
microscope for checking our heat- 
treating and melting processes is 
well established, and does not merit 
any lengthy discussion at this time 
other than to point out that it is an 
excellent example of laboratory 
equipment that is used to good 
advantage in the control of quality. 

The tensile testing of steel has 
long since been a standard part of 
inspection procedure since it is uni- 
versally required in practically all 
specifications. This method of test- 
ing has been quite highly developed 
for some time, and there has been 
very little added in late years except 
a few refinements in the equipment 
available. Some producers have been 
required to add stress-strain record- 
ers to obtain certain data in connec- 
tion with some alloy steel, but its 
application is still somewhat limited. 

Impact testing was developed sev- 
eral years ago, but has never been 
so widely used until the requirements 
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of production made it necessary. The 
use of some ordnance material in 
extremely cold climates has indi- 
cated that steel may have radically 
different properties at these low 
temperatures than was indicated by 


tests made at room temperatures. 


From this has developed some 
new techniques for testing the metal 
at temperatures as low as 40° F 
This 


interesting things to 


below zero. program has 
shown many 
date and holds promise of many 


other developments for the future. 


One other phase of inspection 
that may well be presented for con- 
sideration is the use of quality con- 
trol charts. This is a comparatively 
new development in inspection which 
the Army Ordnance Department has 
been instrumental in bringing before 


the industry. 


This is a system of statistical 
treatment of inspection results which 
is kept in chart form. These charts 
are based upon certain mathematical 
probability, and in the 
treatment of large bodies of inspec- 
tion data present a very good pic- 
ture of past performance. These 
laws of probability made it possible 
to predict with reasonable certainty 
what future performance should be. 


laws of 


If these charts indicate at any 
time that performance is not follow- 
ing the predicted pattern, then some 
point in the process Mas gone “hay- 
wire” and requires immediate atten- 
tion. Oftentimes, definite trends in 
results, one way or another, can be 
detected before the process actually 
goes out of control and, if the inves- 
tigation is prompt and thorough, the 
trouble often can be found and cor- 
rected before it is too late. 
quality control 
A thorough 


The subject ol 
charts is quite large. 
discussion would be beyond the 
scope of this paper. Experience 
along these lines has not been exten- 
sive, but we have made a small 
beginning.in this application and are 
finding the results interesting and 


helpful. 


In conclusion, the author wishes 
to express appreciation for the valu- 
able counsel and advice given in 
the preparation of this paper by 
R. O. Tibbals, Chief Process Inspec- 
tor at the East St. Louis Works of 
the American Steel Foundries. 




















Melting MAGNESIUM Aliys 


By L. M. Nash, Production Manager and Metallurgist, 


UE to the greatly increased 
D demand for magnesium alloy 

castings for war purposes, 
and to the necessity for training new 
personnel quickly, there was a gen- 
eral pooling of knowledge by the 
magnesium industry. The result of 
this is that all phases of the handling 
of magnesium have been well cov- 
ered by many of the trade publica- 
tions and also by government spon- 
sored research. However, a general 
review of the “melting process” step 


by step with emphasis on the impor- 


tant points may prove helpful. 

At the present time there are three 
principal methods of melting mag- 
nesium: 

1. The wet flux method for re- 
fining and casting. 

2. The crucible method used in 
sand and large permanent molds. 

3. The sulphur atmosphere 
method used only for low tempera- 
ture work, such as die castings. 

Wet Flux Method 

The wet flux method is now used 
mostly for alloying and refining and 
as a holding®furnace for crucible 
melting. This process consists of 
using a flux, composed chiefly of 
magnesium and sodium chlorides, 
which is very fluid and melts at tem- 
peratures several hundred degrees 
below the melting point of magne- 
sium alloys. : 

The melt consists of about one- 
third flux, most of which stays at 
the bottom of the pot, with just a 
thin film of flux over the top of the 
metal and down the sides of the pot. 
Pouring is done from this pot by 
means of a bottom-pour hand ladle. 
The flux is swept from the top of 
the metal with a lip on the side of 
the ladle, and once a ladleful is re- 
moved the flux again covers the 
metal surface, keeping it completely 
protected from the atmosphere. 

Because of the large amount of 
flux used and the design of the pot, 
which is roughly a half sphere, this 
is the best method yet developed for 
cleaning and refining magnesium. 


Magnesium Alloy Products Co., Los Angeles 


*® General pooling of knowledge 
and extensive research made 
possible the wartime production 
of magnesium alloy castings. De- 
velopments in magnesium found- 
ry melting presented before 
Southern California Chapter of 
A.F.A., Oct. 12, 1945. 


The flux can be stirred thoroughly 
through the metal and thus perform 
a very efficient job of removing dirt 
and oxides. 

The presence of oil and paint will 
destroy the flux efficiency rather 
quickly, so that often it is more eco- 
nomical to remove excessive amounts 
of these impurities before melting. 
However, very dirty and badly oxi- 
dized scrap can be put into first class 
condition by this process. It was 
developed in this country by the 
Dow Chemical Co. and was the 
principal process used in magnesium 
melting until about 1937. 

The greatest drawback to this 
method is that, unless extreme care 
is exercised by an experienced opera- 
tor, it is very easy ‘to dip flux out 
of the pot with the metal and leave 
traces of flux in the castings poured. 
As the flux has a great affinity for 
moisture, it will show up in the cast- 
ings as grayish-white spots in a few 
days, or even overnight in a humid 
atmosphere. 

These spots continue to grow in 
size as corrosion progresses, and 
usually cannot be removed but con- 
tinue to re-appear no matter how 
often the casting is re-sandblasted 
and pickled, thus making the casting 
unfit for use. This method is be- 
ing used successfully in production 
foundries where the molds can be 
conveyed to the furnaces, but is dif- 
ficult to use in a jobbing shop as 
there is no way to transport or pour 
more metal than can be carried in 


a hand ladle. 
Crucible Method 
Because almost any amount of 


metal can be prepared and poured 
from the crucible, this method has 
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become that most commonly used 
by the foundry today. This process 
was first developed in Germany but, 
due to patent and development diffi- 
culties, did not get much of a start 
in this country until 1935. 

The crucible melting method con- 
sists of a batch process somewhat 
similar to that used with brass, 
where the metal is melted in and 
poured from the same crucible. 
With magnesium alloys the metal is 
melted with a small amount of flux 
in a welded steel crucible. 

Because there is a very slight iron 
pick-up, which lowers the corrosion 
resistance, steel crucibles are not the 
perfect melting medium, but all 
other types are bonded with clays 
containing silicon, which will alloy 
with magnesium. The only excep- 
tion is the silicon-carbide crucible, 
and present work being done indi- 
cates this crucible as a possibility. 


Preventing Oxidation 

The foundry practice used for 
magnesium alloys is, in general, the 
same as that used for any other 
metal. The main difference in the 
practice is the necessity for prevent- 
ing oxidation. The word oxidation 
is used here as a general term be- 
cause magnesium not only combines 
readily with the oxygen in the air, 
but almost as readily with the 
nitrogen. 

It is this chemical activity that 
has to be guarded against if good 
castings are to be produced. Inhibit- 
ing agents must be added to the cor: 
and molding sands, fluxes must be 
used in melting and an inhibito: 
must be dusted on the metal strean 
during pouring. Overlooking thi: 
basic fact causes most of the troubl: 
met with in magnesium foundries 


If the practice is to melt the meta 
directly in the crucible, the firs’ 
point to be watched is the condition 
of the scrap. One of the main ad 
vantages of the crucible method i 
the minimum amount of flux used 

All scrap should be sandblaste« 
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to remove as much of the surface 
oxide and dirt as possible, and scrap 
that cannot be properly cleaned 
should be separated and melted only 
by the wet flux method and poured 
into ingots for future use, or be dis- 
carded altogether. A crucible melt 
using 100 per cent scrap can be just 
as good or better than one made 
with virgin ingot provided that suf- 
ficient care be taken to see that the 
scrap is clean. 


Silicon Content 

All traces of 
moved from the scrap, regardless of 
the melting method used. Magne- 
sium combines quite readily with 


sand must be re- 


silicon, and a relatively small amount 
of silicon produces brittleness and 
also interferes with 
treatment. All specifications for mag- 
nesium alloys allow a maximum of 
0.3 per cent of silicon, and this is 
two or three times the amount that 
will be present if the scrap has been 
kept clean. Silicon can be held to 
about 0.05 to 0.06 per cent. 


proper heat 


During the melting operation, 
care must be taken to keep the 
metal covered with flux as it melts 
down. Any oxides produced in melt- 
ing increase the amount of time and 
labor needed to clean the metal. If 
melting is carelessly done, it may be 
impossible to really clean the metal. 

One form of crucible melting 
practice consists of a double fluxing 
operation, where a relatively wet 
flux is used to first clean the metal 
and a dryer flux then used for pro- 
tection. This can be a very good 
procedure to clean dirty metal, but 
again it increases the danger of flux 
inclusions if too much wet flux is 
used. In the author’s opinion, it is 
safer and easier to take a little more 
care before and during the melting 
to make this step unnecessary. 


Stirring the Melt 

The next step in melting is the 
stirring operation. The temperature 
at which this is done is not very 
critical, but it seems to work best at 
temperatures of 1350° to 1425° F. 

These temperatures are about as 
high as can be used if excessive oxi- 
dation is to be prevented during stir- 
ring. Inasmuch as the purpose of 
stirring is to remove oxide, it would 
be poor practice to perform the 
operation at a temperature which 
would produce more oxide. 

The stirring is done with an iron 


rod, preferably square, and long 
enough to reach the bottom of the 
pot. The operation consists of stir- 
ring the metal rather vigorously with 
a circular motion so as to make the 
metal in the pot actually rotate 
rhis is accompanied by an occa- 
sional sprinkling of flux to keep a 
flux cover on the surface of the 
metal to trap the oxides. 

This operation takes from | to 5 
min., depending upon how carefully 
the operation has been conducted 
up to this point. When properly 
done, the metal will present a sil- 
very, bright, mirrorlike surface when 
skimmed. If improperly done, the 
surface will have the appearance of 
being pimply, due to the presence 
of small oxide particles floating near 
the surface. If the metal is poured 
in this condition it will be of poor 
quality and, as the oxide particles 
left in the melt are partially coated 
with flux, they will produce flux 
spots on the castings. 

The mechanics of the stirring op- 
eration seem to be twofold: 

1. Flux is stirred into the melt 
where it can come into contact with 
the dirt and oxide particles, and 
after these particles become coated 
with flux they no longer hang in 
suspension in the melt but sink to 
the bottom or float to the top, de- 
pending upon their specific gravity. 

2. Centrifical force set up by the 
rotary motion probably forces some 
of the heavier particles to the cruci- 
ble wall, where they cling to the flux 
left on the wall during melting, and 
the lighter particles move toward 
the center where they are trapped 
in the flux added in stirring and 
then rise to the surface when stirring 
stops. 

After stirring has been completed, 
the material accumulated on the 
surface is removed with a skimmer 
and a new light dusting of flux is 
added. As this entire 
should not take over 3 or 4 min., 
it usually is unnecessary to interrupt 


operation 


the heating of the melt. 


Superheating the Melt 

The next step is to heat the melt 
to a temperature of at least 1600° F. 
for not less than 20 min., or as high 
as 1700° F. 
min. This superheati:i procedure 
produces a finer grain size in the 
melt and, as grain size and strength 
are related, it is important to pro- 
duce as fine a grain as is possible. 


for approximately 10 
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After superheating the meta! 
should be held at a temperature of 
1450 F 


ready to pour, and then 


not less than until it is 
cooled as 
quickly as possible to pouring tem- 
perature. This is because the effect 
of superheating is lost quite rapidly 
if the metal is held for a period of 
time at a lower temperature. The 
next point to watch in order to help 
prevent having flux inclusions in the 
castings is that no flux should be 
added to the melt for at least 10 
min. before pouring 

The flux when first added is only 
slight wet, and in this state it can 
easily flow with the metal into the 
After heating for 
utes, the flux becornes thick and 


mold a few min- 
sticky and will cling to the crucible. 
On the surface of the metal when 
it is exposed to the air it forms a 
hard crust. This hard crust will pro- 
tect the metal perfectly, and can be 
removed or pushed out of the way 
just before pouring. 

Only the dusting agent should be 
used to prevent burning from then 
until pouring is completed. Also, all 
accumulations of flux on the pour- 
ing lip and rim and ears of the 
crucible should be brushed off. The 
total amount of flux necessary to 
complete the melting operation 
9 


should not be more than 2 or 3 per 


cent by weight of the metal melted 
Gas Causes Porosity 


Normally, 
very little gas, and it is only recently 


magnesium dissolves 


that it was found that hydrogen 
During the past 
3 years much work has been done 


does dissolve in it 


on this subject, and it has been 
proven that the presence of gas has 
a very pronounced effect on the 
amount of porosity present in mag- 
nesium alloy sand castings, especially 
in heavy sections. 

Much of this gas from 
moisture. Because of this fact it is 
essential that all materials should be 
as dry as possible. The scrap, ingot, 


comes 


and tools should be preheated on 
the top of the furnace even when 
they seem to be dry, because the 
amount of moisture necessary to 
cause gas would not be as much as 
is needed to blow metal out of the 
crucible. 

The most difficult material to keep 
dry is the flux. As it is composed 
largely of chlorides, it can contain 
enough moisture to cause consider- 


able gas trouble without appearing 
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to be even damp. This means that 
flux drums should be kept covered. 

Much work has been done on 
methods of gas removal and on a 
more positive method of grain re- 
hinement. 

A number of materials, such as 
some of the alkaline earths and some 
of the carbides and graphite, do give 
results when added to the melt, but 
so far none of them has proved to 
give consistent results. 

Great promise has been found in 
chlorine gas bubbled through car- 
bon tetrachloride and then passed 
through the melt. This process, 
when done in a silicon-carbide 


crucible, has proved its ability to 
clean, degas and give grain refine- 
ment all in one operation. How- 


ever, at the present time not much 
is known about this process and, as 
both chlorine and carbon tetrachlo- 
ride are toxic and corrosive chem- 
icals, their handling by the average 
person is somewhat dangerous unless 


proper precautions are observed. 
The present practice gives good re- 
sults and should be followed until 
the chlorine - carbon _ tetrachloride 
method has been thoroughly studied. 


Conclusion 


In closing, it would be well to 
mention two points on safe handling. 


MELTING MAGNESIUM ALLOYS 


All crucibles should be gone over 
between heats with a ball peen ham- 
mer to make sure that there are n 
thin spots or cracked welds. A small! 
leak of magnesium into the furnace 
produces such an intense heat that 
it will burn the whole bottom out 
of the crucible, resulting in a haz- 
ardous magnesium fire. Also, all 
furnaces should be kept clean, as th: 
iron scale from the crucibles pro- 
duces a thermite reaction with mag- 
nesium when hot and can cause a 
violent and explosive reaction. 

Observance of these basic melting 
practices will pay dividends in better 
castings. 














* Reproducibility of hot strength tests of foundry molding materials, 


which may develop different characteristics at various points of the 
test temperature range, may be secured by selection of a pre- 


determined strain rate value. 


OT strength tests on foundry 
molding materials are con- 
ducted under a very wide 
temperature range, for example, 
from 500 2500° F. Within this 
temperature range, the test speci- 
men of the material under test may 
be a hard brittle substance at the 
lower temperature and a very plas- 
tic material at the higher tempera- 


to 


ture. 

The problem presents itself im- 
mediately whether a constant rate 
of load (stress), a constant rate 
of table rise (strain), should be used 
during the application of the load. 
The author believes that a constant 
loading which 
applicable for both the 


or 


rate of stress 
would be 
very brittle and plastic materials is 
impracticable. 

Nearly all hot strength tests made 
to date have been made under con- 
ditions of constant rate of table rise 

strain). The of table 

strain) should be selected at a pre- 
determined value; for example, 1-in. 
min. when reproducible test 
results are desired. 


rate rise 


per 


Test Conditions 


It is plausible that, at some value 
of table rise (strain) the maximum 
number of desirable test conditions 
would be obtained. To obtain a par- 
tial answer to this important prob- 
lem, hot strength tests were made 
under varying table rise. 

Green sand specimens of the 1 gx 
2-in. size were used, consisting of a 
sand composed of No. 17 washed 
and dried sand bonded with 5 per 
cent western bentonite and tempered 
with 2.5 per cent moisture. The 
sand was prepared in an 18-in. diam- 
laboratory muller, 
through No. 6 mesh sieve after mix- 
ing and sealed in an air-tight con- 


eter screened 


tainer, allowing 30 min. tempering 


time before using the material. 

Hot strength determinations were 
made at temperatures of 500, 1000, 
1500, 2000 and 2500° F. in a 1940 
model dilatometer equipped with a 
2-in. I.D. furnace and an adjustable 
volume hydraulic pump with moto 
drive. 

The green sand specimens were 
allowed to soak for a period of 12 
min. before applying the load. The 
current input into the furnace was 





Effect of Table Rise (Strain Rate) on 
Hot Strength of Bentonite Bonded Sands 







By H. W. Dietert, President, 
Harry W. Dietert Co., Detroit 






such as to obtain a furnace tempera- 
9 


ture recovery in 2 min. 

Table | shows hot strength in 
psi. as obtained for table rise (rate 
of strain) from 0.5 to 1.25 in. per 
min. All test readings were re- 


corded and only two readings in this 
group of tests were rejected. Good 
reproducibility was obtained at all 


rates of table rise. A_ graphical 
presentation of this data is shown 
in Fig. 1. 

In general, there is an increase 














Table 1 
[ut Errect or Tasce Risk (STRAIN RATE) ON Hor STRENGTH (PSI.) OF 
BENTONITE BONDED SANDS 
Hot Strength (psi.) at Temperatures 
500° F 1000° F 1500° F. 2000° F. 2500° F 
Rate of Table Rise—0.5 in. per min 
94* 100* 496 80 4 g 
70 80 +37 80 4 
68 86 420 76 4% 
78 76 446 4 
86 454 
Avg. 72 82 450 79 4 
Rate of Table Rise—0.75 in. per min 
$93 “98 
100 87 527 90 4V, 
90 94 162 104 4/4 
88 83 532 103 4! 
90 
Avg. 93 88 503 97 4% 
Rate of Table Rise—1.0 in. per min. 
83 482 105 
100 90 524 100 4+ 
87 94 $77 111 5 
96 312 105 5 
Avg. 90 93 499 105 5 
Rate of Table Rise—1.25 in. per min. 
112 103 512 115 4 
96 110 520 110 4 
96 110 510 103 4 
96 108 532 3 
Avg. 100 105 518 109 4 


*Readings rejected. 
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Fig. |—Hot strength of green sand speci- 


mens plotted against table rise. 


Hot STRENGTH OF 


in hot strength-as the table rise 


(strain) is increased from 0.5 to 


1.25 in. per min. with the excep- 


tion of the hot strength for the 
2500° F. range. For table rise from 
0.5 to 0.75 in. per min., there is “a 
marked increase in hot strength for 
temperatures to 500, 1000, 1500 and 
2000° F. 

From this data, a table rise from 
0.75 to 1.0 in. per min. under no 
load should be chosen to obtain a 
table rise rate (strain rate) which 
produces the least effect on hot 
strength readings. 

For tests data is inter- 
changed among certain investiga- 
tors, a table rise of 1.0 in. has been 


where 


BENTONITE BONDED SANDs 


chosen and seems to meet conditions 
such as: 

1. Not too time consuming. 

2. Not too rapid to make it diffi- 
cult to take psi. readings. 

3. Suitable for hot 
readings. 

t. Adaptable to both brittle and 


plastic materials. 


deformation 


5. Suitable to obtain reproducibk 
hot strength readings. 

The data presented herein is only 
the beginning, and much additional! 
work must be done to obtain com 
plete information before further 
standardization on the rate of tabl 
rise may be accomplished. 
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